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Abbreviationi and Exchange hate 

Abbreviations 

Abbreviationi Engliih 

ADB Asian Development Bank 

BBTUD Billion British Thermal Unit per dae 

BTU British thermal unit 

CAPEX Capital Expenditure 

COD Commercial Operation Date 

DEPP Department of Electric Power Planning 

DSEZ Dawei Special Economic Zone 

DPTSC Department of Electric Power Transmission and Sestem Control 

ECD Environmental Conservation Department 

EDC 
Electricite Development Committee 

Energe Development Committee 

EIA Environmental Impact Assessment 

EIRR Economic Internal Rate of Return 

EMC Energe Management Committee 

EPD Energe Planning Department 

EPGE Electric Power Generation Enterprise 

ESE Electricite Supple Enterprise 

FIL Foreign Investment Law 

FIRR Financial Internal Rate of Return 

FS Feasibilite Stude 

FSL Full Supple Level 

FSRU Floating Storage and Regasification Unit 

FSU Floating Storage Unit 

GCV Gross Calorific Value (High Heating Value) 

GCC Generation Control Center 

GDP Gross Domestic Product 

GEG Gas Engine Generator 

GTCC Gas Turbine Combined Cecle 

GTG Gas Turbine Generator 

HPGE Hedropower Generation Enterprise 

HRD Human Resources Development 

HRSG Heat Recovere Steam Generator 

IEA International Energe Agence 

IEE Initial Environmental Examination 

IFC International Finance Corporation 

IPP Independent Power Producer 

JETRO Japan External Trade Organization 

JICA Japan International Cooperation Agence 

JOGMEC Japan Oil, Gas and Metals National Corporation 



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  iv January 2018 

Abbreviationi Engliih 

LNG Liquefied Natural Gas 

MEPE Meanmar Electric Power Enterprise 

MIC Meanmar Investment Committee 

MIL Meanmar Investment Law 

MJ/Nm3 Mega Joule per Normal cubic meter 

MJTD Meanmar Japan Thilawa Development Limited 

mmBtu Million British thermal unit 

mmscfd Million standard cubic feet 

MP Master Plan 

MOA Memorandum of Agreement 

MOEE Ministre of Electricite and Energe 

MOPF Ministre of Planning and Finance 

MOGE Meanmar Oil and Gas Enterprise 

MONREC Ministre of Natural Resources and Environmental Conservation 

MOU Memorandum of Understanding 

MPE Meanmar Petrochemical Enterprise 

MPPE Meanmar Petroleum Products Enterprise 

NCV Net Calorific Value (LHV) 

NECCCC National Environmental Conservation and Climate Change Committee 

NEDO New Energe and Industrial Technologe Development Organization 

NEMC National Energe Management Committee 

NGO Non Governmental Organization 

NLD  National League of Democrace  

Nm3 Normal Cubic Meter 

NPV  Net Present Value  

ODA  Official Development Assistance  

OPEX Operating Expense 

PM Particle Matter 

PPA Power Purchase Agreement 

SCF Standard Cubic Feet 

SEA Strategic Environmental Assessment 

SPC Special Purpose Compane 

SPDC State Peace and Development Council 

SRV Shuttle Regasification Vessel 

TSMC (TSEZMC) Thilawa SEZ Management Committee 

WB World Bank 

YCDC Yangon Cite Development Committee 

YESB Yangon Cite Electricite Supple Board 

YESC Yangon Electricite Supple Corporation 
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Exchange Rate 

Exchange rate (as of January 23, 2018, Central Bank of Myanmar): 

� MMK (Kyats) 1,342.0 = USD1.00 

� MMK (Kyats) 1,209.9 = JPY 100 

� USD 1.00 = JPY 110.92 (Based on the exchange rates for MMK-USD and MMK-JPY) 
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Executive Summary 

Chapter 1 General Background 

In this Chapter, 1) Economic and financial situation, and 2) Overview of power sector in Myanmar are 

described.  

Major power sources in Myanmar are hydro (approx. 60%) and gas (approx. 40%). Previously, more 

than 70% of power was supplied by hydro; however, the percentage was slowly decreasing due to 

installation of new gas power plant to meet increasing demand. The share of hydropower is 58.6% in 

2016. 

The power generation in Myanmar is increasing with 13% growth rate, to catch up with the growth in 

electricity demand. The annual power generation in fiscal year 2010-11 was 8,598.1 GWh and the one 

in fiscal year 2015-16 was 15,864.8 GWh. 

Chapter 2 Survey Policy 

In this Chapter, 1) Background and purpose of the survey, 2) Current situation of the sector and area, 3) 

Issues on the study, 4) Policy on the study, and 5) Methodology for implementation of survey are 

described. 

Following three issues were to be studied. 

� Issue-1: Transmission/Distribution Line and Substation Facilities nearby Thilawa SEZ 

� Issue-2: Gap between Power Demand and Supply in Yangon 

� Issue-3: Water Supply for the Installation of Add-on of HRSG and ST 

For the issues, three survey policy was set. 

� Policy-1: Study on the Existing National Grid, Identification of the Problem, and Plan for 

Countermeasures 

� Policy-2: Confirmation on the Progress of the Master Plan and Study for Supporting Plan 

� Policy-3: Water Resource and Study on its Utilization and Reduction of Water Use 

The study was conducted in three stages as shown below: 

� <First Stage> Confirmation of Current Situation and Identification of Problems 

� <Second Stage> Conceptual Design 

� <Third Stage> Preparation of Final Report and Discussion 

Chapter 3 Project Plan and Technical Feasibility 

In this Chapter, project plan and its technical feasibility was examined. 

3.1 Study Items for the Project Implementation 

The following options are compared and evaluated in terms of 1) technical, 2) financial and economic, 

and 3) environmental and social aspects: 
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Table ES3.1-1  Options for Comparison 

 Option 1 Option 2 Option 3 Option 4 

Characteristics 

Combined cecle of 

the existing 2 GTs 

Relocate and 

rehabilitate 1 GT and 

1 ST from Ywama 

1. Relocate and 

rehabilitate GT from 

Ywama 

2. Combined cecle of 3 

GTs 

Option 1 + Option 2 

Composition of Plant 

(GT:G:STG) 

2:2:1 2:2 (Existing) 

1:1:1 

3:3:1 2:2:1 

1:1:1: 

Additional Capacity 

(BW) 

25(ST) 23.2(GT)+9.0(ST) 23.2(GT)+36.6(ST) 25(ST) 

+23.2(GT)+9.0(ST) 

Total Capacity (BW) 75 (50+25) 82.2 (50+32.2) 109.8 (50+59.8) 107.2 (50+57.2) 

Estimated water 

consumption 

(ton/hour) 

250 (ACC) 

3,340 (WCC) 

83 (ACC) 

1,104 (WCC) 

375 (ACC) 

5,010 (WCC) 

333 (ACC) 

4,444 (WCC) 

EPC cost (Billion 

USD) 

This amount is not 

publishmd at this 

public mdition of thm 

rmport. 

This amount is not 

publishmd at this 

public mdition of thm 

rmport. 

Less than Option 4 This amount is not 

publishmd at this 

public mdition of thm 

rmport. 

Environment (air) Emission gas from 

existing 2 GTs can 

comple with target 

level. 

It is necessare to 

check whether the 

rehabilitation of 1 GT 

and ST from Ywama 

can comple with the 

target level for 

emission or not. 

Same as the left 

information 

Same as the left 

information 

Environment (water 

use and ground 

subsidence) 

Difficult to take 

groundwater due to 

shortage of 

groundwater 

resource and 

avoidance of ground 

subsidence. 

Necessare to take 

surface water. 

Same as the left 

information 

Same as the left 

information 

Same as the left 

information 

Social No resettlement, 

acquisition, and 

income restoration 

No resettlement, 

acquisition, and 

income restoration 

No resettlement, 

acquisition. Income 

restoration mae be 

required (but onle one 

or two households). 

No resettlement, 

acquisition. Income 

restoration mae be 

required (but onle 

one or two 

households). 

Construction period 24-30 months 19 months (36 months) 30 months 

Sourcm: JICA Study Tmam 

3.2 Bachinery Facility Plan and Equipment Bodification Work 

In this Section, machinery facility plan and equipment modification work are proposed based on the site 

investigation for 1) Thilawa Add-on Combined Cycle and 2) Ywama Relocation Combined Cycle. 

3.3  Power Transmission System 

Myanmar has rich water power resources but most of them are generally concentrated in the central and 

northern regions. The load center of Yangon City is receiving hydropower from the central and northern 

regions through 230 kV transmission lines. Not only receiving power from the northern regions, Yangon 
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City is also self-supporting its power demand through four major thermal power plants, namely: Hlawga 

Power Station, Thaketa Power Station, Ywama Power Station, and Ahlone Power Station, which are 

located in the city center. 

The Thilawa Special Economic Zone (SEZ) is now receiving power from the Thilawa Power Station, 

which has two gas turbine generators of 25 MW, and from the Thanlyin Substation, which is 13 km from 

the MJTD office, through two routes of 33 kV single circuit distribution lines. Each 33 kV distribution 

line has the 150 mm2 ACSR conductor, which has a maximum power transmission capacity of 24 MVA. 

The new 230/33 kV Thilawa Substation, which is located next to the Thilawa Power Station, and the 

230 kV transmission line, connecting the substation to the national 230 kV power grid, are now under 

construction to meet the increasing demand of the SEZ. 

The new 230/33 kV Thilawa Substation, and 230 kV 2cct transmission line are under-constructing, 

therefore The Thilawa power station and SEZ will be connected to Thanlyin and Kamarnat Substations 

which is connected to the 230 kV national power network of Myanmar, as shown in Figure ES3.3-1. 

 
Prmparmd by JICA Study Tmam 

Figure ES3.3-1  Power System for Sending Power to Thilawa SEZ after Completion of Thilawa 
Substation in 2017 

When Thilawa Power Station is repowered, following three (3) additional generators shall be connected 

to the independent 33 kV bus bar system, to avoid increase of short-circuit current of the existing 33 kV 

bus system. 

� Generator (23.2 MW) for gas turbine from Ywama P/S 

� Generator (9 MW) for steam turbine from Ywama P/S 

� Generator (25 MW) for steam turbine to be added to the existing two (2) gas turbines of Thilawa 

P/S 

3.4 Evaluation of project’s affection to the power system 

The affection to the vicinity power system related to the project should be evaluated based on the power 

system analysis utilizing PSSE software. 

Kamarnat SS 

Thaketa SS 

Thanlyin SS 

Thilawa SS 

ACSR DUCK x 2, 98km 

410MVA 

ACSR 795MCM x 2, 12km, 2cct 

490MVA/cct 

ACSR 150mm2, 13km 

24MVA/cct 

100MVA x 1 

100MVA x 3 

100MVA x 1 

East Dagon SS 

230 kV 

230 kV 
230 kV 

33 kV 

33 kV 33 kV 
33 kV 

to 230 kV Grid 

to 230 kV Grid 

100MVA x 3 

230 kV 

ACSR DUCK x 2, 13km,  

2cct, 410MVA/cct 

To SEZ 
Thilawa PS 

25MW x 2, 11kV 
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The evaluation method of the project’s affection on the power system was conducted on the local power 

system including Thilawa Power Station and Yangon area from the following main aspects. System 

stability analysis is performed based on data and information provided by DPTSC. 

(1) System Review from the local power system related to the project 

According to the Power Development Plan in the local power system, Thilawa S/S will be connected to 

Thaketa S/S though Thanlyin S/S with 230 kV transmission line. 

The planned single line diagram of Thilawa Power Station after repowering and the local power system 

is shown in Figure ES3.4-1. 

 
Sourcm: JICA Study Tmam basmd on thm map providmd by DPTSC 

Figure ES3.4-1  System configuration for Evaluation 

(2) Evaluation of power flow aspect 

From the power flow analysis, the following result was ensured after repowering of Thilawa P/S and 

related reinforcement of Transmission etc. as shown in Figure ES3.4-2. 
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Based on the result of the power system analysis study, necessary equipment such as shunt reactor or 

condenser will not be required to be installed in substations belong the local power system related to 

Thilawa Power Station for keeping each level voltage within restricted band level. 

[Normal Conditions] 

 

[Disturbance Condition] 

 

Sourcm: JICA Study Tmam 

Figure ES3.4-2  Simulation Result of Power Flow under Normal Conditions and Disturbance Situations 

(3) Evaluation of Short Circuit Capacity 

Judging from the result of simulation with taking severe case into consideration, there seems to be no 

severe problem after repowering of Thilawa P/S because total short circuit value of 33 kV bus is under 

40kA which is within tolerable capacity for related 33 kV circuit breaker  

However, the circuit breaker level of 33 kV system seems to be very high approaching the maximum 

short circuit level. So, it is recommended to check again by using exact impedance such as internal 

impedance of generators and step-up Transformer etc. and to utilize high impedance step-up transformer 

for additional generators or change the connection of generators in Thilawa P/S if required. 

Several convection cases of generates were evaluated to reduce the short circuit level of the 33 kV bus 

instead of adaption of adaption of high impedance step-up transformer because of less cost of install and 

O&M as mentioned hereafter. 

On the other hand, regarding to the 230 kV bus, there might be no problem as shown in Figure ES3.4-3  
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Sourcm: JICA Study Tmam 

Figure ES3.4-3  Short Circuit Value of 33 kV and 230 kV Bus 

(4) Tentative Connection Options of Generators in Thilawa P/S 

For reducing the short circuit level of 33 kV Bus in Thilawa P/S of Option 1 as mentioned above, several 

combinations of connection options of generators in Thilawa P/S were carried out and made comparison 

among connection combinations as shown in Table ES3.4-1. 

Table ES3.4-1  Comparison of Connection Options of Generators in Thilawa P/S 

 
Sourcm: JICA Study Tmam 

Judging from the comparison result, Option 4 seemed to be preferable among these connection options 

of generators tentatively from the several view aspects  

However, this Option 4 had some problems such as repairing of Control Building required etc. 

Therefore, the additional connection cases base on the Option 4 was developed as the final 

recommendation connection method described hereafter for avoiding problems mentioned before in 

close cooperation with EPGE and DPTSC. 
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(5) Recommendation of TG Connection Method in Thilawa P/S 

From considering the study results and all aspects concerned in total, the following TG Connection 

Method shown in Figure ES3.4-4 in Thilawa P/S was recommend finally through the considering steps 

mentioned above under close cooperation with related organization of Myanmar. 

This TG Connection Method in Thilawa P/S seems to conquer almost all problems such as short circuit 

capacity problem etc.  

 
Sourcm: JICA Study Tmam 

Figure ES3.4-4  Recommendation for TG Connection Bethod in Thilawa P/S 

The single line diagram and Layout of this recommended connection method is shown again in Figure 

ES3.4-5 as well for references.  

 
Sourcm: JICA Study Tmam 

Figure ES3.4-5  Single line diagram and Layout of this connection method 
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3.5 Civil and Building Works 

Since the Thilawa Add-on Project and the Ywama Relocation Project are carried out on the same 

premises, it is important to consider the existing situation regarding civil engineering construction and 

plan a cooperation between the two projects. 

For civil engineering work, it should be planned to make efficient construction by fully utilizing the 

construction experience of existing simple cycle power generation equipment. 

In addition, it is necessary to formulate a cooperative plan as two projects when using existing buildings 

and preparing newly constructed buildings. 

The contents of the main civil engineering construction work are described below. 

� Installation of equipment foundations and building foundation 

� Foundation will be supported with RC piles 

� Installation of electrical and control building 

� Pile driving by hydraulic driving machine (vibration-free method) 

� Extension of existing boundary wall (if necessary) 

� Installation of cable and pipe trenches 

� Installation of duct banks 

� Installation of concrete paved surface for maintenance area 

� Installation of gravel paved surface 

� Other necessary civil building works as required 

4 Cost Estimation and Implementation Schedule of the Project 

4.1 Project cost estimation 

Estimated costs are shown below: 

� Estimated cost of Add-on project: This amount is not publishmd at this public mdition of thm rmport. 

� Estimated cost of relocation project: This amount is not publishmd at this public mdition of thm rmport. 

The cost examination mentioned above seems to be generally appropriate based on the EIA (Energy 

Information Administration) cost data and actual project cost data available at published data (e.g. press 

release of project owner). 

4.2 Implementation schedule 

Estimated schedules are show below; 

� Estimated cost of Add-on project: 30 months 

� Estimated cost of relocation project: 24 months 

 
Sourcm: JICA Study Tmam 

Figure ES4.2-1  Implementation schedule of Thilawa Add-on 

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

1 Pre-construction Stage

2 Conceptual Design

3 Preparation of Bid Documents

4 Pre-Bid Conference

5 Contract Negotiation

6a Commencement of Contract

6b Design and Drawing Approval

6c Manufacturing

6d Delivering

6e Civil Work

6f Installation Work

6g Commissioning Test

7 Defect Liability Period

20232018 2019 2020 2021 2022

(30-months)
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Sourcm: JICA Study Tmam 

Figure ES4.2-2  Implementation schedule of Ywama Relocation 

5 Environmental and Social Consideration 

In this Chapter, 1) Environmental and social laws and regulations in Myanmar, 2) Environmental and 

social baseline conditions near the project, 3) Environmental and social consideration on the project 

implementation, 4) Environmental performance of the existing GTG project, 5) Demarcation of 

Myanmar side for the project implementation, 6) Cumulative impact assessment and 7) Issues to be 

solved and recommendation of the project are described. 

5.1 Options of Project 

The following options are compared and evaluated from 1) technical, 2) financial, economic, and 3) 

environmental aspects as shown in the following Table ES5.1-1. 

7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

1 Pre-construction Stage

2 Conceptual Design

3 Preparation of Bid Documents

4 Pre-Bid Conference

5 Contract Negotiation

6a Commencement of Contract

6b Design and Drawing Approval

6d Manufacturing

6c Re-assemble S Transport

6e Civil Work

6f Transportation from Iwama

6g Inspection

6h Delivery

6i Installation

6j Commissioning

7 Defect Liability Period

2018 2019 2020 2021 2022 2023

(19-months)
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Table ES5.1-1  Options for Comparison 

Item Option 1 Option 2 Option 3 Option 4 

Characteristics 
Combined cecle of 

the existing 2 GTs 

Relocation of Ywama 

NEDO Unit 

(1GT+1ST) 

Relocation and 

rehabilitation of GT 

from Ywama NEDO 

Unit/ Combined cecle 

of 3 GTs 

Option 1 + 2 

Composition 

of the plant 

GT:G:STG 

2:2:1 
2:2 (Existing) 

1:1:1 
3:3:1 2:2:1 + 1:1:1 

Additional 

capacite (MW) 
25 32.2 23.2+36.6 =59.8  25+32.2=57.2 

Total planned 

capacite (MW) 

75  

 (Existing 50,  

New 25) 

82.2 

(50+32.2) 

109.8 

(50+59.8) 

107.2 

 (50+57.2) 

Estimation of 

water 

consumption 

(ton/dae) with 

ACC and 

WCC cooling 

method 

250 (ACC) 

3,340 (WCC) 

83 (ACC) 

1,104 (WCC) 

375 (ACC) 

5,010 (WCC) 

333 (ACC) 

4,444 (WCC) 

Environment 

(air) 

Gas emission from 

existing 2 GTs can 

comple with the 

target level. 

It is necessare to check whether combination of gases from 

rehabilitation of 1 GT & ST from Ywama and existing 2 GTs can comple 

with the target level for emission or not. 

Environment 

(water use and 

ground 

subsidence) 

Difficult to take groundwater due to shortage of groundwater resource and avoidance of 

ground subsidence. Necessare to take surface water (e.g., reservoir water/river water)  

Social 
No resettlement, land acquisition, and 

income restoration. 

No resettlement and land acquisition, and 

income restoration for existing land use plan 

of the project (It mae be necessare for 1 or 2 

households to assist income restoration such 

as crop compensation in case of using 

temporare construction eard around the 

project area)  

Sourcm: JICA Study Tmam 

5.2 Approval process of EIA for implementation of the proposed project 

The expected time frame of the updating of EIA study for the upgrading project shown in the Table 

ES5.2-1. It may take totally about 12.5 months from the preparation for updating the draft EIA report to 

the obtaining of the Approval of EIA report issued by the MONREC after appraising by the National 

Environmental Conservation and Climate Change Central Committee (NECCCCC).  
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Table ES5.2-1  Expected Schedule of EIA study for the proposed project 

No. Description of Actions 

Expected / 

Required 

Time Period 

Remark 

0 Completion of F/S Report   

1 
Preparation for updating draft 

EIA Report 
2 months  

2 

Arranging public consultation, 

disclosure and finalization of 

EIA Report 

2 months  

3 
Submission of final EIA 

Report* and Appraisal 
4.5 months 

*MOEE’s cover letter on request of urgent review shall be 

required. 

4 Approval be NECCCCC* 4 months  

*  National Environmental Conservation and Climate 

Change Central Committee 

* Committee meeting organizes evere 4 months 

Sourcm: JICA Study Tmam 

5.3 Actions/Activities done by Byanmar Side 

When the upgrading of the Thilawa Power Plant Project is started, the following actions/activities should 

be done from the Myanmar side (eg. MoEE/EPGE) as shown in the Table ES5.3-1. 

Table ES5.3-1  Required Activities of BoEE/EPGE  

No. Activities Remark 

1. 
Land compensation/resettlement/ income 

restoration/crop compensation 

For the existing 10 ha project area (power plant and 

substation), TSMC grants usage rights to the MoEE. For 

future expansion of the land, TSMC and MoEE mae 

cooperate for this activite. 

2. 

To discuss/negotiate with the relevant 

authorities to use of water such as water supple 

sestem and reservoir water 

 

3. 
To attend stakeholder meeting, public 

consultation meetings in EIA stude 
 

4. 
To provide environmental related required 

information for the upgrading project  
 

5. 
To conduct environmental monitoring and 

management during operation and maintenance 
 

6. To make a greenbelt with trees and/or 

vegetation covers if the land is available. 

 

Sourcm: JICA Study Tmam 

5.4 Issues to be Solved and Recommendation of the Project 

1) Assistance of Implementation of EIA Study 

As mentioned above, it takes around one year to get an approval of the EIA study from the start of the 

preparation of the updated EIA report. In case that the EIA approval (including official confirmation of 

emission gas and noise standards by MONREC ECD) will be required at the timing before distribution 

of tender documents to the contractor, it may be necessary to start the preparation of updated EIA report 

before procurement of consultant for the detailed design or bidding by yen loan. Because MOEE 

requests JICA to support the preparation of the updated EIA report, it is necessary to consider the timing 

of the start of preparation and procurement of consultant for the EIA study, if necessary. 
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2) Application of NOx Emission Standard 

In case that the operation of upgrading project, the gas turbine from Ywama Power Station does not 

have water injection system for NOx reduction, NOx level from the gas turbine is expected to be at 60 

ppm to 110 ppm same as NOx level of the Thilawa Power Plant without water injection. In case that the 

average of NOx level of the Thilawa Power Plant will be confirmed at less than 97 ppm without water 

injection based on enough NOx monitoring data and around 25 ppm with water injection, the average of 

NOx level will be at 49 ppm (25 ppm each from the two gas turbines in Thilawa and 97 ppm from the 

gas turbine of Ywama) in compliance with NEQG NOx emission. 

NEQG does not mention about detailed application of standards clearly such as application of the NOx 

standard to emission of each unit of gas Turbine and to emission of average of the all gas Turbines 

(Average will be calculated by dividing total pollution load and total emission gas volume of three units. 

Pollution load is calculated by multiplying emission gas volume and concentration of emission gas from 

each unit and total pollution load is adding pollution load from each unit.). Thus, it is necessary to 

authorize the above standard application by MONREC ECD through discussion and appraisal process 

of the final updated EIA report. 

3) Bonitoring of application of water injection system for NOx emission reduction in the 

existing Thilawa Power Plant 

As mentioned above, the existing Thilawa Power Plant (25 MW x 2 units) has a function of water 

injection system to reduce NOx emission. However, the injection system will be started after the water 

supply from Langunbyn Reservoir under the Yen Loan Project of Yangon Water Supply (Phase 1). 

Because water supply for the injection system is an essential point for the project to comply with NOx 

emission concentration stipulated in NEQG, it is necessary to monitor the application of water injection 

system to the existing Thilawa Power Plant. 

6 Financial and Economic Viability 

6.1 Expected Impact of the Project (Operation and Effect Indicators) 

Operation indicators are intended to evaluate the operational condition of the Project, which 

quantitatively checks whether the Project is being operated properly. 

Table ES6.1-1  Operation Indicators (Option 1) 

Indicator Formula Target 

Plant load factor (%) 
= Electricite generated per eear /(rated output × hours per 

eear) ×100 
80% 

Gross thermal efficience 
= (Gross electricite generated per eear × 860) / (fuel 

consumption per eear × heat release value of the fuel) × 100 
More than 45% 

Sourcm: JICA, “JICA Opmrational Indicator and Effmct Indicator Rmfmrmncm in ODA Loan Projmcts”, July 2014 

Table ES6.1-2  Operation Indicators (Option 2) 

Indicator Formula Target 

Plant load factor (%) 
= Electricite generated per eear /(rated output × hours per 

eear) ×100 
80% 

Gross thermal efficience 
= (Gross electricite generated per eear × 860) / (fuel 

consumption per eear × heat release value of the fuel) × 100 
43% 

Sourcm: JICA, “JICA Opmrational Indicator and Effmct Indicator Rmfmrmncm in ODA Loan Projmcts”, July 2014 

Effect indicators are intended to evaluate outcome of the Project. 
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Table ES6.1-3  Effect Indicators (Option 1) 

Indicator Formula Target 

Net electric energe production (GWh) As shown be the name of the indicator 175.2 GWh 

Maximum output (MW) As shown be the name of the indicator 25 MW 

Sourcm: JICA, “JICA Opmrational Indicator and Effmct Indicator Rmfmrmncm in ODA Loan Projmcts”, July 2014 

Table ES6.1-4  Effect Indicators (Option 2) 

Indicator Formula Target 

Net electric energe production (GWh) As shown be the name of the indicator 225.7 GWh 

Maximum output (MW) As shown be the name of the indicator 32.2 MW 

Sourcm: JICA, “JICA Opmrational Indicator and Effmct Indicator Rmfmrmncm in ODA Loan Projmcts”, July 2014 

6.2 Financial and Economic Analysis 

6.2.1 Objectives and Methodology of the Financial Analysis and Economic Analyses 

The financial and economic analyses aim to examine the viability of the Project by calculating the IRR 

(Internal Rate of Return) and the NPV (Net Present Value) and are conducted for the selected options. 

Financial analysis is conducted to evaluate the profitability of the Project from the viewpoint of the 

implementing organization (i.e. EPGE). To obtain the FIRR (Financial Internal Rate of Return) and the 

FNPV (Financial Net Present Value), net benefit of the project is calculated considering 1) the benefits 

i.e., incremental revenue of tariff from the Project and 2) the cost based on the market price. 

Economic analysis is conducted to evaluate the viability of the Project from the viewpoint of the national 

economy. To obtain the EIRR (Economic Internal Rate of Return) and the ENPV (Economic Net Present 

Value), the benefit of the Project is calculated considering 1) the increased benefit based on the saved 

cost by replacing alternative energy sources (e.g., diesel generators) and 2) the economic costs. 

6.2.2  Financial Analysis 

Benefit and cost are compiled and calculated considering the 2017 prices in order to obtain the FIRR. 

Moreover, the rate of the treasury bill (8.8%) is used as the discount rate for calculating the FNPV. By 

using the discount rate, the FNPV of Option 1 turns into a positive value, while that of Option 2 becomes 

negative because the gas cost is incurred in the case of Option 2 and a shorter project life (20 years) is 

applied. 

Table ES6.2-1  FIRR and FNPV 

This tablm is not publishmd at this public mdition of thm rmport. 
 FIRR FNPV (Billion Kyat) FNPV (Billion $) 

Option 1    

Option 2    

Total     
Sourcm: JICA Study Tmam 

Sensitivity analysis is conducted for the financial analysis as the actual condition may be different from 

those assumed for the base case. In the sensitivity analysis, 1) cost increase (+10%) and 2) delay in 

construction (1 year) are considered. 
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Table ES6.2-2  Sensitivity Analysis for Financial Analysis (Option 1) 

This tablm is not publishmd at this public mdition of thm rmport. 

Case Benefit Cost 
FIRR FNPV 
(%) (Bil Kyat) (Bil US$) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Sourcm: JICA Study Tmam 

Table ES6.2-3  Sensitivity Analysis for Financial Analysis (Option 2) 

This tablm is not publishmd at this public mdition of thm rmport. 

Case Benefit Cost 
FIRR FNPV 
(%) (Bil Kyat) (Bil US$) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Sourcm: JICA Study Tmam 
Notm: Thm cost includms both thm financial cost during construction pmriod and O&M cost. 

The FNPV of Option 1 remains positive in all cases of sensitivity analysis. On the other hand, the FNPV 

of Option 2 are negative in all cases of sensitivity analysis, reflecting the fact that incremental gas cost 

is incurred for Option 2 and it reduces the profit margin. 

6.2.3 Economic Analysis 

The economic benefit and cost are compiled and calculated in order to obtain EIRR and are discounted 

using the social discount rate (12%) for attaining the ENPV. 

Table ES6.2-4  EIRR and ENPV 

This tablm is not publishmd at this public mdition of thm rmport. 
 EIRR ENPV (Billion Kyat) ENPV (Billion $) 

Option 1    

Option 2    

Total    
Sourcm: JICA Study Tmam 
Notm: EIRR and ENPV of Total (Option 1+Option 2) arm calculatmd basmd on 30 ymars of projmct lifm. 

The result shows that EIRR of both options is higher than the cut-off rate in the base case. The ENPV 

of the Project of both options shows a positive result. The Project can be justified from the viewpoint of 

improving the national economy. 

The sensitivity analysis is conducted for economic analysis. The cost increase and delay in construction 

are considered. 

Table ES6.2-5  Sensitivity Analysis for Economic Analysis (Option 1) 

This tablm is not publishmd at this public mdition of thm rmport. 

Case Benefit Cost 
EIRR ENPV 
(%) (Bil. Kyat) (Bil. US$) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Sourcm: JICA Study Tmam. 
Notm: Thm cost includms both thm mconomic cost during construction pmriod and O&M cost. 
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Table ES6.2-6  Sensitivity Analysis for Economic Analysis (Option 2) 

This tablm is not publishmd at this public mdition of thm rmport. 

Case Benefit Cost 
EIRR ENPV 
(%) (Bil. Kyat) (Bil. US$) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Sourcm: JICA Study Tmam. 
Notm: Thm cost includms both thm mconomic cost during construction pmriod and O&M cost. 

The impact on EIRR and ENPV of the change in the level of cost and delay in construction is small with 

slight change of EIRR and ENPV. 

Chapter 7 Capability of the Government of Byanmar for the Project 

In this Chapter, 1) Overview of the implementation organization, 2) Organizational chart for the project 

implementation, 3) Study on capability of EPGE for the project implementation, and 4) training in Japan 

are described. 

By examining current situation of capability and operational situation, contents of training program are 

proposed. 
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စုစည္းထားေသာ အဓိကအခ်က္မ်ား 

အခန္း (၁) ေယဘုယ် ေနာက္ခံသမုိင္းေၾကာင္း 

ဤအခန္းတြင္ (၁) တြင္ စီးပြားေရး ႏွင္. ဘ႑ာေရး အေျခအေန (၂) ျမန္မာႏူိင္ငံရွိ လွ်ပ္စစ္ဓါတ္အား က႑အား သုံးသပ္ျခင္း 

တုိ.ကုိ ေဖာ္ျပထားသည္။ 

ျမန္မာႏူိင္ငံရိွ အဓိက ဓာတ္အားအရင္းအျမစ္မ်ားမွာ ေရအား (၆၀%) ႏွင္. ဓါတ္ေငြ. (၄၀%) တုိ.ျဖစ္သည္။ 

ယခင္က ဓာတ္အား၏ ၇၀% ေက်ာ္ကုိ ေရအားျဖင္. ေပးေ၀ခ့ဲသည္။ သုိ.ေသာ္လည္း ရာခုိင္ႏွဳန္းသည္ 

ဓါတ္ေငြ.ဓါတ္အားေပးစက္ရုံ အသစ္တည္ေဆာက္ျခင္းေႀကာင္. လ်ွပ္စစ္၀ယ္လုိအား တုိးျမွင့္လာမႈ ႏွင့္ ကုိက္ညီေစရန္ 

ဓာတ္အားေပး စက္ရံုအသစ္ တပ္ဆင္ျခင္းေၾကာင့္ ွ ဓာတ္အားရာခုိင္ႏႈန္း တျဖည္းျဖည္းက်ဆင္း လာသည္။ ၂၀၁၆ ခုနွစ္တြင္ 

ေရအားလွ်ပ္စစ္၏ အစုရွယ္ယာသည္ (၅၈.၆%) ျဖစ္သည္။ 

လွ်ပ္စစ္ ၀ယ္လုိအားမ်ားျပားလာျခင္းအား အမီွလုိက္ရန္၊ ျမန္မာႏူိင္ငံတြင္ ဓါတ္အားထုတ္လုပ္မွဳသည္ ၁၃% 

တုိးတက္ၾကီးထြားလာသည္။ နွစ္စဥ္ ဓါတ္အားထုတ္မွဳသည္ ၂၀၁၀-၁၁ ဘ႑ာေရးနွစ္တြင္ ၈၅၉၈.၁ GWh ရွိျပီး၊ ၂၀၁၅-၁၆ 

ဘ႑ာေရးႏွစ္တြင္ ၁၅၈၆၄.၈ GWh ရွိသည္။  

အခန္း (၂) စစ္တမ္းမူ၀ါဒ 

ဤအခန္းတြင္ (၁) စစ္တမ္း၏ ေနာက္ခံသမုိင္းေၾကာင္း ႏွင့္ ရည္ရြယ္ခ်က္၊ (၂) အဆုိပါ က႑နွင့္ ဧရိယာ၏ လက္ရိွ အေျခအေန၊ 

(၃) ေလ့လာမွဳ အေၾကာင္းအရာမ်ား၊ (၄) ေလ့လာမွဳ မူ၀ါဒ ႏွင့္ စစ္တမ္း ျပီးစီးေအာင္ေဆာင္ရြက္ျခင္း နည္းစနစ္ စသည္တ့ုိကို 

ေဖာ္ျပထားပါသည္။ 

ေလ့လာေတြ.ရိွခ်က္မ်ား သည္ ေအာက္ေဖာ္ျပပါ အေၾကာင္းအရာ (၃)ခ်က္ ျဖစ္သည္။ 

� အေၾကာင္းအရာ ၁ ။ ။သီလ၀ါ အထူးစီးပြားေရးဇုန္ အနီးအနားတြင္ ဓါတ္အားထုတ္လႊတ္ျခင္း၊ ျဖန္.ျဖဴးျခင္း လုိင္း ႏွင့္ 

ခြဲရုံအေဆာက္အဦးမ်ား။ 

� အေၾကာင္းအရာ ၂ ။ ။ ရန္ကုန္တြင္ ဓါတ္အား ၀ယ္လုိအား ႏွင့္ ေထာက္ပ့့ံံံျခင္းၾကား ကြာဟမွဳ။ 

� အေၾကာင္းအရာ ၃ ။ ။ ထပ္တုိး HRSG ႏွင့္ ST တပ္ဆင္ျခင္းအတြက္ ေရေထာက္ပ့ံျခင္း။ အဆုိပါ  

အေၾကာင္းအရာမ်ား အတြက္၊ စစ္တမ္းမူ၀ါဒ (၃) ခ်က္ကုိ ျပ႒ာန္းခဲ့သည္။ 

� မူ၀ါဒ ၁ ။ ။တည္ရိွေနေသာ national grid အား ေလ့လာျခင္း၊ ျပသနာမ်ားအား ခြဲျခားျခင္း နွင့္ တန္ျပန္ေရး 

အစီအမံမ်ားအား တင္ျပျခင္း။  

� မူ၀ါဒ ၂ ။ ။ Master Plan တုိးတက္ျခင္းအား အတည္ျပဳျခင္း ႏွင့္ Supporting Plan အား ေလ့လာျခင္း။ 

� မူ၀ါဒ ၃ ။ ။ ေရအရင္းအျမစ္ႏွင့္ ေရသုံးစြဲမွဳေလွ်ာ့ခ်ျခင္း နွင့္ အသုံးျပဳျခင္းအား ေလ့လာျခင္း။ 

ေအာက္ေဖာ္ျပပါအတုိင္း ေလ့လာမွဳကုိ အဆင့္ (၃) ဆင့္ျဖင့္ စီမံခန္.ခြဲထားပါသည္ 

� အဆင့္ (၁)။ ။ ယခုလက္ရိွ အေျခအေနအား အတည္ျပဳျခင္း ႏွင့္ ျပသနာမ်ားအား ခြဲျခားျခင္း။ 

� အဆင့္ (၂)။ ။ အယူအဆအေပၚအေျခတည္ေသာ ဒီဇုိင္း။ 

� အဆင့္ (၃)။ ။ ေနာက္ဆုံးအစီအရင္ခံစာမ်ား ႏွင့္ ေဆြးေႏြးမွဳ မ်ား ျပင္ဆင္ျခင္း။ 
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အခန္း (၃) စီမံကိန္းအတြက္ၾကိဳတင္ျပင္ဆင္ျခင္း ႏွင့္ နည္းပညာပုိင္းဆိုင္ရာ ျဖစ္နိုင္ေျခ 

အခန္းတြင္ စီမံကိန္းအတြက္ၾကိဳတင္ျပင္ဆင္ျခင္းႏွင့္ နည္းပညာပုိင္းဆိုင္ရာ ျဖစ္နိုင္ေခ်မ်ားကုိ ဆန္းစစ္ ေဖာ္ျပထားသည္။ 

၃.၁ စီမံကိန္းအေကာင္အထည္ေဖာ္ရန္အတြက္ ေလ့လာရမည့္အခ်က္မ်ား 

ေအာက္ေဖာ္ျပပါ ေရြးခ်ယ္စရာအခ်က္မ်ားအား (၁) နည္းပညာပုိင္းဆုိင္ရာ (၂) ဘ႑ာေရးနွင့္ စီးပြားေရးဆိုင္ရာ (၃) 

သဘာ၀ပတ္၀န္းက်င္နွင့္ လူမႈေရးဆုိင္ရာ ရႈေထာင့္တုိ႔မွ နိႈင္းယွဥ္၍ ခ်င့္ခ်ိန္ရမည္။ 

ဇယား ES၃.၁-၁  ေရြးခ်ယ္စရာအခ်က္မ်ား နိွဳင္းယွဥ္ျခင္း 

ေရြးခ်ယ္စရာအခ်
က္မ်ား 

နိႈင္းယွဥ္ျခင္း 
ေရြးခ်ယ္မႈ ၁ ေရြးခ်ယ္မႈ ၂ ေရြးခ်ယ္မႈ ၃ ေရြးခ်ယ္မႈ ၄ 

သြင္ျပင္လကၡဏာ 
တည္ရိွဆဲ GT ၂လုံး ေပါင္းစပ္ 
လည္ပတ္ျခင္း  

ရြာမမွ GT ၁လုံးႏွင့္ ST ၁လုံး အား 
ေနရာေျပာင္းေရႊ႕၍ ျပန္လည္ 
ဆင့္ျမွင့္တင္ျခင္း 

၁။ ရြာမမွ GT အား 
ေနရာေျပာင္းေရႊ႕၍ျပန္လည္ 
အဆင့္ျမွင့္တင္ျခင္း။ 
၂။ GT ၃လုံး အျဖစ္ 
ေပါင္းစပ္လည္ပတ္ျခင္း 

ေရြးခ်ယ္မႈ ၁ + ေရြးခ်ယ္မႈ ၂ 

စက္ပစၥည္းေပါင္းစ
ပ္ဖြဲ႔ စည္းျခင္း 
(GT:G:STG) 

၂း၂း၁ 
၂း၂ (တည္ရိွဆဲ) 
၁း၁း၁ 

၃း၃း၁ 
၂း၂း၁ 
၁း၁း၁ 

အပုိရရိွနိုင္မည္႔ 
ပမာဏ (MW)  

၂၅ (ST) ၂၃.၂ (GT) + ၉.၀ (ST) ၂၃.၂ (GT) + ၃၆.၆ (ST) 
၂၅(ST) + ၂၃.၂(GT) + 
၉.၀(ST) 

စုစုေပါင္းရမည့္ 
ပမာဏ (MW) 

၇၅ (၅၀+၂၅) ၈၂.၂ (၅၀+၃၂.၂) ၁၀၉.၈ (၅၀+၅၉.၈) ၁၀၇.၂ (၅၀+၅၇.၂) 

ခန္႔မွန္း ေရသုံးစြဲမႈ 
နႈန္း (တန္/နာရီ) 

၂၅၀ (ACC) 
၃၃၄၀ (WCC) 

၈၃ (ACC) 
၁၁၀၄ (WCC) 

၃၇၅ (ACC) 
၅၀၁၀ (ACC) 

၃၃၃ (ACC)  
၄၄၄၄ (WCC) 

EPC ကုန္က်စရိတ္ 
(မီလီယံ ေဒၚလာ) 

*** *** ေရြးခ်ယ္မႈ ၄ ထက္ နည္းသည္။ *** 

သဘာ၀ပတ္၀န္း
က်င္ (ေလ) 

တည္ရိွေနေသာ GT ၂လုံးမွ 
ထြက္ေသာ ဓာတ္ေငြ႔သည္ 
သတ္မွတ္ထားေသာ အဆင့္ နွင့္ 
ကုိက္ညီနိုင္သည္။ 

ရြာမမွ 
ျပန္လည္အဆင့္ျမွင့္တင္မည့္ GT 
၁လုံးႏွင့္ ST ၁ လုံး မွ 
ဓာတ္ေငြ႔ထုတ္လႊတ္မႈသည္ 
သတ္မွတ္အဆင့္ႏွင့္ ကုိက္ညီမႈ 
ရိွမရိွ စစ္ေဆးရန္လိုအပ္သည္။ 

လက္၀ဲဘက္တြင္ ေဖာ္ျပထားသည့္ 
အခ်က္အလက္အတိုင္းျဖစ္ 
သည္။ 

လက္၀ဲဘက္တြင္ ေဖာ္ျပထားသည့္ 
အခ်က္အလက္အတိုင္းျဖစ္ 
သည္။ 

သဘာ၀ပတ္၀န္း
က်င္ (ေရ 
အသုံးျပဳမႈႏွင့္ 
ေျမသား ကၽြံျခင္း) 

ေျမေအာက္ေရ အရင္းအျမစ္ 
ျပတ္လပ္မႈ 
နွင့္ ေျမသားကၽြံျခင္းကို ေရွာင္ 
ရွားနိုင္ရန္ ေျမေအာက္ေရကုိ 
ထုတ္ယူသုံးစြဲရန္ ခက္ခဲသည္။ 
ေျမေပၚေရကို 
အသုံးျပဳရန္လိုအပ္သည္။ 

လက္၀ဲဘက္တြင္ ေဖာ္ျပထားသည့္ 
အခ်က္အလက္အတိုင္းျဖစ္ 
သည္။ 

လက္၀ဲဘက္တြင္ ေဖာ္ျပထားသည့္ 
အခ်က္အလက္အတိုင္းျဖစ္ 
သည္။ 

လက္၀ဲဘက္တြင္ ေဖာ္ျပထားသည့္ 
အခ်က္အလက္အတိုင္းျဖစ္ 
သည္။ 

လူမႈေရး 
ျပန္လည္ေနရာခ်ထားေပးျခင္း၊ရရိွ 
လာေသာ၀င္ေငြမ်ားအား ပုိင္ရွင္ထံ 
ျပန္ေပးျခင္းမရိွပါ။  

ျပန္လည္ေနရာခ်ထားေပးျ 
ခင္း၊ရရိွလာေသာ၀င္ေငြမ်ား အား 
ပုိင္ရွင္ထံ ျပန္ေပးျခင္းမရိွပါ။ 

ျပန္လည္ေနရာခ်ထားျခင္း၊ 
အတတ္ပညာမွ်ေ၀ျခင္း 
မ်ားမရိွပါ။၀င္ေငြမ်ားအားမူလပုိင္ရွ
င္ အပ္နံွရန္လိုအပ္သည္။ (သုိ႔ေသာ္ 
အိမ္ေထာင္စု ၁စု (သုိ႔) ၂စု သာ) 

ျပန္လည္ေနရာခ်ထားျခင္း၊ 
အတတ္ပညာမွ်ေ၀ျခင္း 
မ်ားမရိွပါ။၀င္ေငြမ်ားအားမူလပုိင္ရွ
င္ ပ္နံွရန္လုိအပ္သည္။ (သုိ႔ေသာ္ 
အိမ္ေထာင္စု ၁စု (သုိ႔) ၂စု သာ) 

တည္ေဆာက္မည့္ 
အခ်ိန္ကာလ 

၂၄လ မွ ၃၀လ ၁၉လ ၃၆လ ၃၀လ 

Source: Prepared ey the JICA Study Team  

၃.၂ စက္ပုိင္းဆုိင္ရာ လုိအပ္သည့္အေထာက္အပ့ံမ်ား ၾကိဳတင္ျပင္ဆင္ျခင္းႏွင့္ စက္ကိရိယာမ်ား မြမ္းမံျခင္းလုပ္ငန္း 

ကြင္းဆင္းစူးစမ္းေလ့လာမႈမ်ားေပၚမူတည္၍ စက္ပုိင္းဆုိင္ရာ လုိအပ္သည့္အေထာက္အပ့ံမ်ား ၾကိဳတင္ျပင္ဆင္ျခင္းႏွင့္ 

စက္ကိရိယာမ်ား မြမ္းမံျခင္းလုပ္ငန္းမ်ားအား အဆုိျပဳပါသည္။ 

(ေနာက္ဆုံးအစီရင္ခံစာအျပီးသတ္ျပီးေနာက္ ျပင္ဆင္ရန္) 
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၃.၃ ဓာတ္အား ထုတ္လႊတ္ျခင္းစနစ္ 

ျမန္မာနိုင္ငံသည္ ေရစြမ္းအင္ အရင္အျမစ္ ၾကြယ္၀ေသာ္လည္း ၄င္းတုိ႔ အမ်ားစုမွာ နုိင္ငံအလယ္ပုိင္း ႏွင့္ ေျမာက္ပုုိင္းတြင္သာ 

စုစည္းေနၾကသည္။ ရန္ကုန္ျမိဳ႕၏ လွ်ပ္စစ္ဓာတ္အား ျဖန္႔ျဖဴးေရး�ာနသည္ နုိင္ငံ အလယ္ပုိင္းႏွင့္ ေျမာက္ပုိင္းမွ 

ေရအားလွ်ပ္စစ္ကုိ ၂၃၀ kV မဟာဓာတ္အားလုိင္းမ်ားျဖင့္ ရယူသည္။ လွ်ပ္စစ္ဓာတ္အားကုိ နိုင္ငံေျမာက္ပုိင္းမွ ရယူရုံမွ် မကဘဲ 

ရန္ကုန္ျမိဳ႕၏ လွ်ပ္စစ္ဓာတ္အား လုိအပ္ခ်က္ကုိ ျဖည့္ဆည္းနုိင္ရန္ ေလွာ္ကား၊ သာေကတ၊ ရြာမ နွင့္ အလုံ တုိ႔တြင္လဲ 

အဓိကဓာတ္အားေပးစက္ရုံမ်ား လည္ပတ္၍ ဓာတ္အား ေထာက္ပ့ံလ်က္ရိွသည္။ 

သီလ၀ါအထူးစီးပြားေရးဇုန္ အတြက္ လ်ွပ္စစ္ဓာတ္အားကုိ ယခုအခါ ၂၅ မဂ*ါ၀ပ္ထုတ္လႊတ္နုိင္သည့္ သဘာ၀ဓာတ္ေငြ႔သံုး 

တာဘိုင္ ဓာတ္အားေပးစက္ (၂) လုံးတပ္ဆင္ထားေသာ သီလ၀ါလွ်ပ္စစ္ဓာတ္အားေပး စက္ရုံ ႏွင့္ M�TD မွ ၁၃ 

ကီလုိမီတာကြာေ၀းေသာ သန္လ်င္ဓာတ္အားခြဲရုံတုိ႔မွလဲ ၃၃k. Single Circuit လုိင္း (၂) လုိင္းျဖင့္ ရရိွလ်က္ရိွသည္။ ၃၃ k. 

လုိင္းတစ္လုိင္းခ်င္းစီတြင္ ဓာတ္အားထုတ္လႊတ္မႈ အမ်ားဆုံးပမာဏ ၂၄MVA ကုိ ခံနုိင္ေသာ လွ်ပ္ကူးပစၥည္း (Conductor) 

ACSR ၁၅၉mm2 တပ္ဆင္ထားသည္။ 

၂၃၀/၃၃kV သီလ၀ါဓာတ္အားခြဲရုံအသစ္ႏွင့္ ၂၃၀KV ၂cct ဓာတ္အားလုိင္းမ်ားအား ေဆာက္လုပ္ သြယ္တန္းလ်က္ရိွရာ 

သီလ၀ါဓာတ္အားေပးစက္ရုံနွင့္ SEZ သည္ ျမန္မာနုိင္ငံ၏ ပင္မဓာတ္အားလုိင္း ကြန္ရက္နွင့္ခ်ိတ္ဆက္ထားေသာ သန္လ်င္ႏွင့္ 

ကမာနက္ ဓာတ္အားခြဲစက္ရုံတုိ႔ျဖင့္ ခ်ိတ္ဆက္နုိင္ ေတာ့မည္ျဖစ္သည္။ 

 
Source: Prepared ey the JICA Study Team 

ပုံ ES၃.၃-၁ ၂၀၁၇ ခုႏွစ္တြင္ သီလ၀ါ ဓာတ္အားခြဲရုံ အျပီးသတ္ျပီးေနာက္ သီလ၀ါ အထူးစီးပြားေရးဇုန္သုိ႔ ဓာတ္အားပုိ႔လြတ္မည့္ 
ဓာတ္အားစနစ္ 

သီလ၀ါ ဓာတ္အားေပးစက္ရုံ ျပန္လည္ လည္ပတ္နုိင္လွ်င္ ေအာက္ပါ ဓာတ္အားေပးစက္ (၃) လုံးသည္ လက္ရိွ၃၃k. bus 

system တြင္ လွ်စ္စီးပတ္လမ္းတုိ ျဖစျခင္းကုိ ေရွာင္ရွားနိုင္ရန္ သီးျခား ၃၃KV bus bar system တြင္ ခ်ိတ္ခ်က္သင့္သည္။ 

� ရြာမ P/S မွ သဘာ၀ဓာတ္ေငြ႔သုံး တာဘုိင္အတြက္ ဓာတ္အားထုတ္စက္ (၂၃.၂MW) 

� ရြာမ P/S မွ သဘာ၀ေရေႏြးေငြ႔သုံး တာဘုိင္အတြက္ ဓာတ္အားထုတ္စက္ (၉MW) 

� သီလ၀ါ P/S မွ တည္ရိွေနျပီးေသာ ဓာတ္ေငြ႔သုံး တာဘုိင္ (၂)ခု တြင္ ေရေႏြးေငြ႕သုံး တာဘုိင္ ထပ္ထည့္ရန္ 

ဓာတ္အားထုတ္စက္ (၂၅MW) 

Kamarnat SS 

Thaketa SS 

Thanlein SS 

Thilawa SS 

ACSR DUCK x 2, 98km 

410MVA 

ACSR 795MCM x 2, 12km, 2cct 

490MVA/cct 

ACSR 150mm2, 13km 

24MVA/cct 

100MVA x 1 

100MVA x 3 

100MVA x 1 

East Dagon SS 

230kV 

230kV 
230kV 

33kV 

33kV 33kV 
33kV 

to 230kV Grid 

to 230kV Grid 

100MVA x 

230kV 

ACSR DUCK x 2, 13km,  

2cct, 410MVA/cct 

To SEZ 
Thilawa PS 

25MW x 2, 11kV 
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၃.၄ လွ်ပ္စစ္ဓာတ္အားေပးစနစ္ ေပၚတြင္ စီမံကိန္း၏ အက်ိဳးသက္ေရာက္မႈအား ခ်င့္ခ်ိန္ျခင္း 

လွ်ပ္စစ္ဓာတ္အားေပးစနစ္ေပၚတြင္ စီမံကိန္း၏ အက်ိုးသက္ေရာက္မႈအား PSSE software ကုိ အသုံးျပဳထားေသာ Power 

System Analysis အေပၚအေျခခံ၍ ခ်င့္ခ်ိန္ရမည္။ 

လွ်ပ္စစ္ဓာတ္အားေပးစနစ္ေပၚတြင္ စီမံကိန္း၏ အက်ိဳးသက္မႈ ခ်င့္ခ်ိန္ရာ� သီလ၀ါဓာတ္အားေပးရုံႏွင့္ ရန္ကုန္ျမိဳ႕တြင္းဧရိယာ 

အပါအ၀င္ ေဒသတြင္းရိွ ဓာတ္အားေပးစနစ္မ်ားကုိ ေအာက္ပါ ရႈေထာင့္မ်ားမွ ေန၍ လုပ္ေဆာင္ရမည္။ System stability 

analysis ကုိ DPTSC မွေပးေသာ သတင္းအခ်က္အလက္မ်ား အေပၚအေျခခံ၍ လုပ္ေဆာင္ရမည္။ 

(၁) စီမံကိန္းႏွင့္ သက္ဆိုင္ေသာ ေဒသတြင္ လွ်ပ္စစ္ဓာတ္အားေပးစနစ္အား ျပန္လည္ဆန္းစစ္ျခင္း 

ေဒသတြင္းလွ်ပ္စစ္ဓာတ္အားစနစ္ဖြံ႕ျဖိဳးတုိးတက္ေရးအစီအစဥ္အရ သီလ၀ါ ဓာတ္အားခြဲရုံသည္ သာေကတ ဓာတ္အားခြဲရုံႏွင့္ 

ခ်ိတ္ဆက္မည္ျဖစ္ေသာ္လည္း သန္လ်င္ ဓာတ္အားခြဲရုံသည္ ၂၃၀k. ဓာတ္အားလုိင္းႏွင့္ ခ်ိတ္ဆက္မည္ျဖစ္သည္။ 

 
Source: Prepared ey the JICA Study Team eased on the map provided ey DPTSC 

ပုံ ES၃.၄-၁ ခ်င့္ခ်ိန္ျခင္းလုပ္ငန္းအတြက္ ဖြဲ႔စည္းမႈစနစ္ 



The Stude on Proposal for Improvement of Electricite Supple in Thilawa Area in Meanmar 

  Final Report (Executive Summare) 

 xxvii Januare 2018 

(၂) လ်ွပ္စစ္ဓာတ္အား စီးဆင္းမႈ ရႈေထာင့္ 

ဓာတ္အားစီးဆင္းမွဳ ခဲြဲျခမ္းစိတ္ျဖာျခင္း (Power Flow analysis) အရ သီလ၀ါ ဓာတ္အားေပးစက္ရုံ ျပန္လည္ လည္ပတ္ျခင္းနွင့္ 

ဓာတ္အားထုတ္ရန္အတြက္ ေထာက္ပ့ံျခင္း ျပီးပါက ေအာက္ပုံတြင္ ေဖာ္ျပထားေသာ ရလဒ္မ်ား ရရိွရမည္။ 

ဓာတ္အားနည္းပညာခြဲျခမ္းစိတ္ျဖာ (Power system analysis) ေလ႔လာမႈေပၚမူတည္၍ သတ္မွတ္ထားေသာ စုေပါင္းအဆင့္ 

(band le.el) တြင္ ဗုိ႔အား ထိန္းထားနိုင္ရန္အတြက္ သီလ၀ါ ဓာတ္အားေပးစက္ရုံႏွင့္ ၄င္းႏွင့္ဆက္ႏြယ္ေနသာ ေဒသတြင္း 

လွ်ပ္စစ္ဓာတ္အားေပးစနစ္၏ ဓာတ္အားခြဲရုံမ်ားတြင္ တပ္ဆင္ရမည့္ shunt ဓာတ္ေပါင္းဖုိ (shunt reactor) (သုိ႔) condenser 

မ်ားအား တပ္ဆင္ရန္မလုိအပ္ေပ။ 

[ပုံမွန္ အေျခအေန] 

 

[အျပစ္ျဖစ္ေသာ အေျခအေန] 

 

Source: Prepared ey the JICA Study Team 

ပုံ ES၃.၄-၂ ပုံမွန္အေျခအေနႏွင့္ အေနွာင့္အယွက္ရိွေသာ အေျခအေနတြင္ ဓာတ္အားစီးမႈအား 
အနီးစပ္ဆုံးပုံစံတူျပဳလုပ္ေလ့လာထားေသာ ရလဒ္ 

(၃) လွ်ပ္စီးပတ္လမ္းတုိပမာဏအား ခ်င့္ခ်ိန္ျခင္း 

ျပင္းထန္ေသာကိစၥမ်ားကုိ ထည့္သြင္းစဥ္းစား၍ အနီးစပ္ဆုံးပုံတူျပဳလုပ္ေလ့လာျပီး ရရိွလာေသာ ရလဒ္မ်ားမွ ခန္႔မွန္းရာတြင္ 

သီလ၀ါဓာတ္အားေပးစက္ရုံ ျပန္လည္ လည္ပတ္ျပီးေနာက္ ျပင္းထန္ေသာျပသနာမ်ိဳး မျဖစ္ နုိင္ေပ။ အဘယ္ေၾကာင့္ဆုိေသာ္ 

၃၃k. ၏ လ်ွပ္စီးပတ္လမ္းတုိတန္ဖုိးသည္ ၃၃k. circuit breaker ခံနိုင္ရည္ (၄၀kA) ေအာက္ ေလ်ာ့ေနေသာ ေၾကာင့္ျဖစ္သည္။ 

သုိ႔ေသာ္ ၃၃k. စနစ္၏ circuit breaker အဆင့္သည္ အျမင့္ဆုံးလွ်ပ္စီးပတ္လမ္းတုိ၏ အဆင့္သုိ႔ ေရာက္လုနီးပါျဖစ္ေနသည္။ 

ထုိ႔ေၾကာင့္ လုိအပ္လွ်င္ ဓာတ္အားေပးစက္ရုံနွင့္ လွ်ပ္တာေျပာင္း တုိ႔တြင္ အတြင္းလွ်ပ္စစ္ဟန္႔တားပစၥည္းကဲ့သုိ႔ တိက်ေသာ 

လွ်ပ္စစ္ဟန္႔တားပစၥည္းမ်ား သုံးျခင္း နွင့္ လွ်ပ္စစ္ ဟန္႔တားမႈျမင့္ေသာပစၥည္းမ်ားကုိ ထပ္တုိးဓာတ္အားေပးစက္အတြက္ 
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လွ်ပ္တာေျပာင္းမ်ားတြင္သုံးျခင္း (သုိ႔) သီလ၀ါ လ်ွပ္စစ္ဓာတ္အားေပးစက္ရုံရိွ generator ၏ ခ်ိတ္ဆက္မႈ (Connection) 

ေျပာင္းေသာေနရာမ်ား တြင္ သုံးျခင္းတုိ႔ကုိ အၾကံျပဳပါသည္။ 

ေနာက္တြင္ေဖာ္ျပထားသည့္အတုိင္း O&M ႏွင့္ တပ္ဆင္မႈကုန္က်စရိတ္ သက္သာေသာေၾကာင့္ လွ်ပ္စစ္ဟန္႔တားမႈ ျမင့္ေသာ 

ပစၥည္းမ်ားကုိ လက္ခံမည့္အစား ၃၃k. bus ၏ လွ်ပ္စီးပတ္လမ္းတုိ ကုိ ေလွ်ာ့ခ်နုိင္မည့္ အခ်ိုဳ႕ေသာ 

ဓာတ္အားေပးစက္မ်ားကုိလည္း ခ်င့္ခ်ိန္သင့္သည္။ 

အျခားတစ္ဖက္တြင္လည္း ၂၃၀k. bus ႏွင့္ ပတ္သက္၍ ပုံတြင္ျပထာသည့္အတုိင္း ျပသနာတစ္စုံတရာမရိွပါ။ 

 
Source: Prepared ey the JICA Study Team 

ပုံ ES၃.၄-၃ ၃၃ k. ႏွင့္ ၂၃၀ k. bus တုိ႔၏ လွ်ပ္စီးပတ္လမ္းတုိတန္ဖုိး 

(၄) သီလ၀ါ ဓာတ္အားေပးစက္ရုံတြင္ ဓာတ္အားေပးစက္ အစမ္းခ်ိတ္ဆက္မႈ ေရြးခ်ယ္ျခင္း 

အထက္တြင္ေဖာ္ျပခ႔ဲေသာ သီလ၀ါ ဓာတ္အားေပးစက္ရုံရိွ ၃၃k. bus ၏ လွ်ပ္စီးပတ္လမ္းတုိအဆင့္အား ေလ်ွာ့ခ်နုိင္ရန္အတြက္ 

သီလ၀ါ ဓာတ္အားေပးစက္ရုံရိွအခ်ိဳ႕ေသာ ဓာတ္အားေပးစက္မ်ား၏ connection option မ်ား ေပါင္းစပ္ျခင္းအား လုပ္ေဆာင္၍ 

ေအာက္ပါဇယားတြင္ေဖာ္ျပထားေသာ connecton ေပါင္းစပ္ ျခင္းမ်ားျဖင့္ နိႈင္းယွဥ္ရမည္။  

ဇယား ES၃.၄-၁  သီလ၀ါဓာတ္အားေပးစက္ရုံရိွ ဓာတ္အားေပးစက္ Connection ေရြးခ်ယ္မႈ နိႈင္းယွဥ္ျခင္း 

 
Source: Prepared ey the JICA Study Team 

ေအာက္ပါ ရႈေထာင့္မ်ားမွ ခန္႔မွန္းခ်က္အရ ေရြးခ်ယ္မႈ (၄) သည္ လွ်ပ္စစ္ဓာတ္အားေပးစက္၏ connection option မ်ားအနက္ 

ပုိ၍ေကာင္းေသာ ေရြးခ်ယ္မႈျဖစ္သည္။ 
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သုိ႔ေသာ္လည္း ေရြးခ်ယ္မႈ (၄) တြင္ ထိန္းခ်ဳပ္မွဳ အေဆာက္အဦး ျပဳျပင္ရန္ လိုအပ္ျခင္း ကဲ့သုိ႔ေသာ ျပသနာအခ်ိုဳ႕ရိွေနသည္။ 

ထုိ႔ေၾကာင့္ ေရြးခ်ယ္မႈ (၄) တြင္ အေျခခံေသာ ထပ္တုိးခ်ိတ္ဆက္မႈအား EPGE ႏွင္ DPTSCတုိ႔ႏွင့္ပူးေပါင္းလုပ္ေဆာင္မမတုိင္မီ 

ေဖာ္ျပထားေသာ ျပသနာမ်ားအားေရွာင္က်ဥ္ရန္ေနာက္ပုိင္းတြင္ အၾကံျပဳမည့္ နည္းလမ္းအတုိင္း ဖြ႔႔ံျဖိဳးေအာင္ 

ေဆာင္ရြက္ရမည္။  

(၅) သီလ၀ါ ဓာတ္အားေပးစက္ရုံတြင္ TG Connection နည္းလမ္းအား အၾကံျပဳျခင္း 

ေလ့လာမႈ၏ရလဒ္မ်ား နွင့္ ရႈေထာင့္အားလုံးအား ျခံဳငုံ သုံးသပ္ျခင္းအရ ေအာက္ပါပုံတြင္ ေဖာ္ျပထားေသာ TG Connection 

နည္းလမ္းအား ျမန္မာအဖြဲ႔အစည္းမ်ားႏွင့္ ဆက္ႏြယ္ေသာ ပူးေပါင္းေဆာင္ ရြက္မႈမ်ားေအာက္တြင္ အထက္ေဖာ္ျပပါ 

အဆင့္အတိုင္း သုံးသပ္စဥ္းစားရန္ အၾကံျပဳပါသည္။ 

အဆုိပါ သီလ၀ါ ဓာတ္အားေပး စက္ရုံတြင္ သုံးမည့္ TG Connection နည္းလမ္းသည္ လ်ွပ္္စီး ပတ္လမ္းတုိ ျပသနာ ကဲ့သုိ႔ေသာ 

ျပသနာအားလုံးနီးပါကုိ ေက်ာ္လႊားနုိင္မည္ဟု ယူဆရသည္။ 

 
Source: Prepared ey the JICA Study Team 

ပုံ ES၃.၄-၄ သီလ၀ါဓာတ္အားေပးစက္ရုံအတြက္ ေထာက္ခံအၾကံျပဳထားေသာ TG Connection Method 

အဆုိပါ ေထာက္ခံအၾကံျပဳထားေသာ connection method ၏ Single line diagram ႏွင့္ Layout အား ပုံ ES3.4-5 ကဲ့သို႔ 

ကုိးကားနိုင္ရန္ ထပ္္မံ ေဖာ္ျပထားသည္။ 
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Source: Prepared ey the JICA Study Team 

ပုံ ES၃.၄-၅ ေထာက္ခံအၾကံျပဳထားေသာ connection method ၏ Single line diagram ႏွင့္ Layout 

၃.၅ ျမိဳ.ျပႏွင့္ အေဆာက္အဦး လုပ္ငန္းမ်ား 

သီလ၀ါ ထပ္ေပါင္း စီမံကိန္း ႏွင့္ ရြာမ ျပန္လည္ေနရာခ်ထားေရး စီမံကိန္းမ်ားသည္ တူညီေသာအဆုိနွင့္ 

ျပဳလုပ္မည္ဆုိကတည္းက၊ ျမိဳ.ျပအင္ဂ်င္နီယာဆုိင္ရာ ေဆာက္လုပ္ေရး ႏွင့္ ပက္သက္ျပီး တည္ရိွျပီးသားအေျခအေနကုိ 

စဥ္းစားရန္ အေရးၾကီး၍၊ ယင္း စီမံကိန္း ၂ ခုကုိ ပူးေပါင္းေဆာင္ရြက္စီစဥ္ရမည္။ 

ျမိဳ.ျပအင္ဂ်င္နီယာလုပ္ငန္းအတြက္ လက္ရိွတည္ရိွေနေသာ simple cycle ဓာတ္အားထုတ္လႊတ္ေသာ စက္ကရိယာအား 

အျပည့္အ၀အသုံးခ်တည္ေဆာက္ေသာ အေတြ.အၾကံဳကုိ ထိေရာက္ေအာင္စီစဥ္ရမည္ျဖစ္သည္။ 

ထုိ.အျပင္၊ အေဆာက္အဦးအသစ္မ်ားတည္ေဆာက္မွဳျပင္ဆင္ျခင္းႏွင့္ လက္ရိွတည္ရိွေနေသာ 

အေဆာက္အဦးမ်ားအသုံးျပဳေသာအခါ ပူးေပါင္းေဆာင္ရြက္ေသာအစီအစဥ္တစ္ခုအား စီမံကိန္း ၂ ခုအျဖစ္ ေရးဆြဲရန္ 

လုိအပ္ပါသည္။ 

ျမိဳ.ျပအင္ဂ်င္နီယာေဆာက္လုပ္ျခင္းလုပ္ငန္း၏ အဓိက မာတိကာမ်ားအား ေအာက္ပါတြင္ေဖာ္ျပထားပါသည္ 

� အေဆာက္အဦး အုတ္ျမစ္ ႏွင့္ စက္ကိရိယာအတြက္ အုတ္ျမစ္တပ္ဆင္ျခင္း 

� အုတ္ျမစ္မ်ားအား သံကူကြန္ကရိ pile မ်ားျဖင့့္ျပဳလုပ္ထားသည္ 

� လွ်ပ္စစ္ထိန္းခ်ဳပ္ေသာအေဆာက္အဦး တည္ေဆာက္ျခင္း 

� Hydraulic pile ရုိက္စက္ျဖင့္ pile ရုိက္ျခင္း (Vibration free နည္းပညာျဖင့္) 

� လက္ရိွနယ္နိမိတ္နံရံ တုိးခ်ဲ.ျခင္း (လုိအပ္လွ်င္) 

� Cable ၾကိဳး ႏွင့္ ပုိက္ထည္.ရန္ က်င္းတပ္ဆင္ျခင္း 

� Cable ၾကိဳးထည့္ရန္ ေျမာင္းတပ္ဆင္ျခင္း 

� ျပဳျပင္ထိန္းသိမ္းရမည္. ဧရိယာမ်က္ႏွာျပင္မ်ားတြင္ ကြန္ကရိခင္းျခင္း 

� ေက်ာက္စရစ္ခင္းျခင္း 

နွင့္ အျခား ျမိဳ.ျပဆုိင္ရာ အေဆာက္အဦးလုပ္ငန္းမ်ား လုိအပ္ပါသည္။ 
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အခန္း (၄) စီမံကိန္း အတြက္ ကုန္က်စရိတ္ခန္႔မွန္းျခင္း ႏွင့္ အေကာင္အထည္ေဖာ္ေရးအတြက္ ဇယား 

၄.၁ စီမံကိန္း ကုန္က်စရိတ္ခန္႔မွန္းျခင္း 

ခန့္မွန္းထားေသာ ကုန္က်စရိတ္မွာ ေအာက္ပါအတုိင္းျဖစ္သည္- 

� ထပ္တုိးစီမံကိန္း ၏ ခန္႔မွန္းကုန္က်စရိတ္ - *** 

� ေနရာေျပာင္းေရႊ႕စီမံကိန္း၏ ခန္႔မွန္းကုန္က်စရိတ္ - *** 

ေဖာ္ျပပါ ခန္႔မွန္းကုန္က်စရိတ္မ်ားသည္ သင့္ေတာ္ေသာ EIA (Energy Information Administration) ကုန္က်စရိတ္ 

အခ်က္အလက္မ်ား ႏွင့္ ပုံႏိွပ္ထုတ္ေ၀ထားေသာ အမွန္တယ္စီမံကိန္း ကုန္က်စရိတ္ အခ်က္အလက္မ်ားကုိ (ဥပမာ - 

စီမံကိန္းပုိင္ရွင္မွ ထုတ္ေ၀ထားေသာ) အေျခခံထားျခင္းျဖစ္သည္။  

၄.၂ အခ်ိန္ဇယား အေကာင္အထည္ေဖာ္ျခင္း 

ခန္႔မွန္းထားေသာ အခ်ိန္ဇယားမွာ ေအာက္ပါအတုိင္း ျဖစ္သည္- 

� ထပ္တုိးစီမံကိန္း ၏ ခန္႔မွန္း အခ်ိန္ဇယား - ၃၀ လ 

� ေနရာေျပာင္းေရႊ႕စီမံကိန္း၏ ခန္႔မွန္း အခ်ိန္ဇယား - ၂၄ လ 

 
Source: Prepared by the �ICA Study Team 

ပုံ ES၄.၂-၁  သီလ၀ါ ထပ္တုိးအေကာင္အထည္ေဖာ္ေရး အခ်ိန္ဇယား 

 
Source: Prepared by the �ICA Study Team 

ပုံ ES၄.၂-၂  ရြာမ ေနရာေျပာင္းေရြ႕ျခင္း အေကာင္အထည္ေဖာ္ေရး အခ်ိန္ဇယား 

အခန္း (၅) ပတ္၀န္းက်င္ ထိန္းသိမ္းေရး ႏွင့္ လူမႈေရး အခန္းက႑အေပၚ စဥ္းစားျခင္း 

ဤအခန္းတြင္ -၁) ျမန္မာႏုိင္ငံ၏ ပတ္၀န္းက်င္ ထိန္းသိမ္းေရး ႏွင့္ လူမႈေရးဆုိင္ရာ ဥပေဒႏွင့္စည္းမ်ဥ္းမ်ား။ ၂) 

စီမံကိန္းအနီး ပတ္၀န္းက်င္ ထိန္းသိမ္းေရး ႏွင့္ လူမႈေရးဆုိင္ရာ အေျခခံ အေျခအေနမ်ား။ ၃) စီမံကိန္း 

အေကာင္အထည္ေဖာ္ရန္ အတြက္ ပတ္၀န္းက်င္ ထိန္းသိမ္းေရး ႏွင့္ လူမႈေရး အခန္းက႑အေပၚ စဥ္းစားျခင္း။ ၄) 

လက္ရိွ GTG စီမံကိန္း၏ သဘာ၀ပတ္၀န္းက်င္ စြမ္းေဆာင္ရည္။ ၅) စီမံကိန္း အေကာင္အထည္ေဖာ္ေရးကုိ 

ျမန္မာႏူိင္ငံဘက္မွ ပုိင္းျခားသတ္မွတ္မႈ။ ၆) တုိးပြားလာေသာ အက်ိဳးသက္ေရာက္မႈကုိ အကျဲဖတ္မႈ။ ၇) ျပႆနာမ်ားကုိ 

ေျဖရွင္းခံရဖုိ႔ ႏွင့္ စီမံကိန္း၏ေထာက္ခံခ်က္မ်ားကုိ ေဖာ္ျပထားသည္ 
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 ၅.၁ စီမံကိန္္း၏ ေရြးခ်ယ္ပုိင္ခြင့္ 

ေအာက္ေဖာ္ျပပါ ေရြးခ်ယ္ပုိင္ခြင့္မ်ားသည္ ၁) နည္းပညာ ၂) ဘ႑ေရး ႏွင့္ စီးပြားေရး ၃) ပတ္၀န္းက်င္ဆုိင္ရာရႈေထာင့္ ေဖာ္ျပပါ 

ဇယား ES၅.၁-၁ တုိ႔ျဖင့္ ႏႈိင္းယွဥ္အကျဲဖတ္ ထားသည္။ 

ဇယား ES၅.၁-၁  ေရြးခ်ယ္စရာအခ်က္မ်ား ႏိွဳင္းယွဥ္ျခင္း 

အခ်က္အလက္ ေရြးခ်ယ္ခြင့္ ၁ ေရြးခ်ယ္ခြင့္ ၂ ေရြးခ်ယ္ခြင့္ ၃ ေရြးခ်ယ္ခြင့္ ၄ 

၀ိေသသလကၡဏာမ်ား 
Characteristics 

လက္ရိွ GT ၂လုံး၏ 
combined cycle 

ရြာမမွ NEDO Unit 
(1GT+1ST) ေနရာေရႊ႕ျခင္း 

ရြာမ မွ NEDO Unit/ 
Combined cycle of 3 GTs 
ေနရာခ်ထားျခင္း ႏွင့္ 
ျပန္လည္ထူေထာင္ျခင္း 

ေရြးခ်ယ္ခြင့္  ၁+၂ 

စက္ရံု ဖြဲ႕စည္းမႈ  
Composition of 
Plant (GT:G:STG) 

၂:၂:၁ 
၂:၂ (တည္ရိွျပီး) 
၁:၁:၁ 

၃:၃:၁ ၂:၂:၁ + ၁:၁:၁ 

အပုိစြမ္းေဆာင္ရည္  
Additional Capacity 
(MW) 

၂၅ ၃၂.၂ ၂၃.၂+၃၆.၆=၅၉.၈  ၂၅+၃၂.၂=၅၇.၂ 

စုစုေပါင္း 
စီစဥ္ထားေသား 
စြမ္းေဆာင္ရည္  
Total Planned 
Capacity (MW) 

၇၅ 
 (တည္ရိွျပီး ၅၀, အသစ္ ၂၅) 

၈၂.၂ 
(၅၀+၃၂.၂) 

၁၀၉.၈ 
(၅၀+၅၉.၈) 

၁၀၇.၂ 
 (၅၀+၅၇.၂) 

ACC ႏွင့္ WCC 
အေအးခံ နည္းျဖင့္ 
ေရသုံးစြဲမႈ ခန္႔မွန္းခ်က္ 
(ton/day) 

၂၅၀ (ACC) 
၃၃၄၀ (WCC) 

၈၃ (ACC) 
၁၁၀၄ (WCC) 

၃၇၅ (ACC) 
၅၀၁၀ (WCC) 

၃၃၃ (ACC) 
၄၄၄၄ (WCC) 

ပတ္၀န္းက်င္ 
(ေလထု) 
En.ironment (air) 

လက္ရိွ GT  ၂လံုးမွ 
ထုတ္လႊတ္ေသာ 
ဓာတ္ေငြ႔သည္ သတ္မွတ္ 
အဆင့္ကုိ လုိက္နာသည္။ 

လက္ရွိ GT ၂လံုး ႏွင့္ ရြာမ မွေရႊ႕လာမည့္ ျပန္လည္ျပင္ဆင္ထားေသာ GT & ST ၁လုံးတုိ႔မွ 
စုေပါင္းဓာတ္ေငြ႔ သည္ ထုတ္လႊတ္ရန္ သတ္မွတ္ထားေသာ အဆင့္ကုိ လုိက္နာမႈ ရိွ ၊ မရိွ စစ္ေဆးရန္ 
လုိအပ္သည္။ 

ပတ္၀န္းက်င္ 
(ေရအသုံးျပဳမႈ ႏွင့္ 
ေျမကြ် ံမႈ)  
En.ironment (water 
use and ground 
subsidence) 

ေျမေအာက္ေရ အရင္းအျမစ္ ျပတ္လတ္မႈေၾကာင့္ ႏွင့္ ေျမကြ် ံမႈကို ေရွာင္ရွားရန္ အတြက္ ေျမေအာက္ေရ ရယူရန္ ခက္ခဲသည္။ 
ေျမေပၚေရယူရန္ လုိအပ္သည္။ (ဥပမာ - ေရေလွာင္ကန္ ၊ ျမစ္ေရ) 

လူမႈေရး  
(Social) 

ျပန္လည္ ေနရာခ်ထားမႈ မရိွျခင္း၊ ေျမယာ သိမ္းပုိက္ျခင္း ႏွင့္ 
၀င္ေငြျပန္လည္ထူေထာင္ျခင္း။ 

စီမံကိန္း အတြက္အသုံးျပဳရန္ စီစဥ္ထား ေသာ 
လက္ရိွတည္ရိွေနေသာ ေျမတြင္ ျပန္လည္ ေနရာခ်ထားမႈ မရိွျခင္း၊ 
ေျမယာသိမ္းပုိက္ျခင္းႏွင့္၀င္ေငြျပန္လည္ထူေထာင္ျခင္း။ 
(စီမံကိန္းအနီး ယာယီေဆာက္လုပ္ေရးအတြက္ ျပဳလုပ္ရာ 
တြင္သီးႏံွေလ်ွာ္ေၾကး ကဲ့သုိ႕ ၀င္ေငြျပန္လည္ထူေထာင္ျခင္းကို 
ကူညီရန္ အိမ္ေထာင္စု ၁စု သုိ႔မဟုတ္ ၂စု လုိအပ္ႏုိင္သည္။) 

Source: Prepared ey the JICA Study Team 

၅.၂ အဆုိျပဳစီမံကိန္း အေကာင္အထည္ေဖာ္ရန္ အတြက္ EIA ခြင့္ျပဳခ်က္ လုပ္ငန္းစဥ္ 

စီမံကိန္း အဆင့္ျမွင့္တင္မႈအတြက္ EIA ေလ့လာေရး မြမ္းမံျခင္း၏ ေမ်ွာ္မွန္း ကာလ ကုိ ဇယား ES၅.၂-၁ တြင္ ေဖာ္ျပထားသည္။ 

အမ်ိဳးသား ပတ္၀န္းက်င္ထိန္းသိမ္းေရးႏွင့္ ရာသီဥတုေျပာင္းလဲမႈ ဗဟုိေကာ္မတီ (NECCCCC) ေပၚေပါက္ျပီးေနာက္ မူၾကမ္း EIA 

အစီရင္ခံစာ မြမ္းမံျပင္ဆင္မႈ မွ MPNREC မွ ခြင့္ျပဳသည့္ EIA အစီရင္ခံစာ ရသည္ အထိကုိ စုစုေပါင္း ၁၂.၅ လခန့္ 

ၾကာျမွင့္ပါသည္။ 
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ဇယား ES၅.၂-၁  အဆုိျပဳထားေသာ EIA ေလ့လာေရးအတြက္ ေမ်ွာ္မွန္းအခိ်န္ဇယား 

စဥ္ လုပ္ေဆာင္ခ်က္မ်ား၏ေဖာ္ျပခ်က္ 
ေမ်ွာ္လင့္ေသာ/ 

လုိအပ္ေသာ အခ်ိန္ကာလ 
မွတ္ခ်က္ 

၀ 
Completion of F/S Report 
ျဖစ္ႏုိင္ေခ်ရိွေသာ ေလ့လာမႈ အစီရင္ခံစာ ျပီးစီးျခင္း 

  

၁ EIA အစီရင္ခံစာ အၾကမ္း မြမ္းမံမႈ အတြက္ ျပင္ဆင္ျခင္း ၂ လ  

၂ 
EIA အစီရင္ခံစာ အျပီးသတ္ျခင္း၊ ထုတ္ေဖာ္ျခင္း ႏွင့္ 
အမ်ားျပည္သူ အၾကံေပးျခင္းတုိ႔ အတြက္ စီစဥ္ျခင္း 

၂ လ  

၃ 
ေနာက္ဆုံး EIA အစီရင္ခံစာ တင္ျပ ျခင္း ႏွင့္ 
အကဲျဖတ္ျခင္း 

၄.၅ လ 
*MOEE’s co.er letter on request of urgent re.iew shall be 
required. အေရးေပၚ သုံးသပ္ခ်က္ ေတာင္းဆုိရန္ MOEE ၏ co.er 
letter လုိအပ္သည္။ 

၄ 
 
NECCCCC မွ ခြင့္ျပဳျခင္း 
 

၄ လ  
- အမ်ိဳးသားပတ္၀န္းက်င္ထိန္းသိမ္းေရး ႏွင့္ ရာသီဥတုေျပာင္းလဲေရး  
ေကာ္မတီ 
- ေကာ္မတီအစည္းအေ၀းကုိ ၄လတုိင္း ျပဳလုပ္မည္။ 

Source: Prepared ey the JICA Study Team 

၅.၃ ျမန္မာႏူိင္ငံဘက္မွ လုပ္ေဆာင္ခ်က္ ႏွင့္ လႈပ္ရွားမႈမ်ား 

သီလ၀ါ ဓာတ္အားေပးစက္ရံု အဆင့္ျမွင့္တင္မႈ စီမံကိနး္ စတင္ေသာအခါ ေအာက္ပါ ဇယား Table ES5.3-1 ေဖာ္ျပပါ 

လုပ္ေဆာင္ခ်က္ႏွင့္ လႈပ္ရွားမႈမ်ားကုိ ျမန္မာ ဘက္မွ လုပ္ေဆာင္သင့္သည္။ (ဥပမာ MOEE / EPGE) 

ဇယား ES၅.၃-၁  MOEE ႏွင့္ EPGE တုိ႕၏လုိအပ္ေသာ လႈပ္ရွားမႈမ်ား  

စဥ္ လုပ္ေဆာင္ခ်က္မ်ား မွတ္ခ်က္ 

1. 
ေျမယာေလ်ာ္ေၾကး၊ ေနရာျပန္လည္ခ်ထားျခင္း၊ 
ေငြေၾကးျပန္လည္ထူေထာင္ျခင္း၊ သီးႏံွေလ်ာ္ေၾကး 

TSMC မွ MOEE သုိ႔ လက္ရိွ ၁၀ ha စီမံကိန္းဧရိယာ အသုံးျပဳခြင့္  ေပးအပ္ 
(ဓာတ္အားေပးစက္ရံု ႏွင့္ ဓာတ္အားခြဲရံု)။ ေနာင္ေျမယာ တုိးခ်ဲ႕ျခင္း အတြက္ 
TSMC ႏွင့္ MOEE တုိ႔ အတူူပူေပါင္းလႈပ္ရွား ရမည္။ 

2. 
ေရေပးေ၀ေရး စနစ္ႏွင့္ ေရေလွာင္ကန္ စေသာ ေရအသုံးျပဳမႈအတြက္ 
သက္ဆုိင္ရာ အာဏာပုိင္မ်ားႏွင့္ ညွိႏႈင္းေဆြးေႏြးရန္။ 

 

3. 
အစုုရွယ္ယာပါ၀င္သူမ်ား အစည္းအေ၀း၊ EIA ေလ့လာေရးတြင္ပါ၀င္သည့္ 
လူထုအၾကံေပး အစည္းအေ၀းမ်ား တက္ေရာက္ရန္။ 

 

4. 
စီမံကိန္း အဆင့္ျမွင့္တင္ေရးအတြက္ လုိအပ္ေသာ သက္ဆုိင္ရာ 
ပတ္၀န္းက်င္ အခ်က္အလက္မ်ားကုိ ေထာက္ပ့ံေပးရန္ 

 

5. 
စက္ရံုလည္ပတ္ေနစဥ္ ႏွင့္ ျပဳျပင္ေနစဥ္ အတြင္း ပတ္၀န္းက်င္ ဆုိင္ရာ 
ေစာင့္ၾကည့္စစ္ေဆးျခင္း ႏွင့္ စီမံေဆာင္ရြက္ျခင္း ကုိ ညႊန္ၾကားေဆာင္ရြက္ရန္ 

 

6. ေဆာက္လုပ္ရန္္တားျမစ္ထားေသာ ေျမလြတ္မ်ားရရိွခဲ့လွ်င္ ထုိေျမကုိ 
သစ္ပင္မ်ား အသီးအႏံွပင္မ်ား ႏွင့္ ဖုံးလႊမ္းေအာင္ ျပဳလုပ္ရန္ 

 

Source: Prepared ey the JICA Study Team 

၅.၄ ျပႆနာေျဖရွင္းရန္ ႏွင့္ စီမံကိန္း၏ေထာက္ခံခ်က္ 

၁) EIA ေလ့လာမႈ အေကာင္အထည္ေဖာ္ရန္ ကူညီမႈ 

အထက္ေဖာ္ျပပါအတုိင္း EIA ေလ့လာမႈသည္ စတင္ျပင္ဆင္ခ်ိန္မွ အျပီးသတ္အစီရင္ခံစာအထိကုိ ၁ႏွစ္ နီးပါးၾကာျမင့္ပါသည္။ 

အဆုိပါ တရား၀င္အတည္ျပဳထားေသာ ဓာတ္ေငြ႔ထုတ္လႊတ္မႈ ႏွင့္ MONREC ECD မွ ဆူညံမႈ စံႏႈန္းတုိ႔ ပါ၀င္ေသာ EIA ခြင့္ျပဳကို 

ကန္ထရုိက္တာမ်ားဆီသုိ႔ တင္ဒါစာရြက္စာတမ္းမ်ား မျဖန္႔ေ၀မီွ အခ်ိန္ကုိ လုိအပ္ပါသည္။ အေသးစိတ္ ဒီဇုိင္း သုိ႔မဟုတ္ 

ယန္းေခ်းေငြ ေလလံမဆြဲခင္ EIA အစီရင္ခံစာ ျပဳျပင္မြမ္းမံမႈ စတင္ျပင္ဆင္ရန္ လုိအပ္ပါသည္။ MOEE မွ �ICA သုိ႔ EIA 

အစီရင္ခံစာ ျပဳျပင္မြမ္းမံမႈ တြင္ အေထာက္အပ့ံေပးရန္ ေတာင္းဆုိေသာေၾကာင့္ လုိအပ္ခဲ့လွ်င္ EIA ေလ့လာေရးအတြက္ 

အတုိင္ပင္ခံ ျပင္ဆင္ေရးႏွင့္ လုပ္ေဆာင္ေရး အခ်ိန္ကုိက္လုပ္ေဆာင္ရန္ လုိအပ္ပါသည္။ 

၂) NOx ထုပ္လႊတ္မႈ စံႏႈန္း၏ေလွ်ာက္လႊာ 

ဤအဆင့္ျမွင့္တင္သည့္စီမံကိန္းတြင္ ရြာမဓာတ္အားေပးစက္ရံုမွ ဓာတ္ေငြ႔တာဘုိင္တြင္ NOxေလ်ာ့ခ်ရန္  

ေရေဆးထုိးသည္႔စနစ္ (water injection system) မပါရိွေပ။ ထုိ႔ေၾကာင့္ ထုိဓာတ္ေငြ႔တာဘုိင္မွ Nox အဆင့္ကို   
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ေရေဆးထုိးသည္႔စနစ္ (water injection system) မရိွေသာ သီလ၀ါဓာတ္အားေပး စက္ရုံကဲ့သုိ႔ ၆၀ppm မွ ၁၁၀ppm အထိ 

ေမ်ွာ္မွန္းထားသည္။ ေရေဆးထုိးသည္႔စနစ္ (water injection system) ျဖင့္ NOx  ေစာင့္ၾကည့္ထားေသာ အခ်က္သည္ 

၂၅ppm ၀န္းက်င္ရွိေသာ အခ်က္ကုိ အေျခခံ၍ သီလ၀ါဓာတ္အားေပးစက္ရုံ၏ NOx ပ်မ္းမွ်အဆင့္သည္ ေရေဆးထုိးသည္႔စနစ္ 

(water injection system) မရိွဘဲ ၉၇ ppm ေအာက္နမဲည္ဟု အတည္ျပဳလိမ့္မည္။ NEQG NOx ထုတ္လႊတ္မႈ ခြင့္ျပဳျခင္းျဖင့္ 

ပ်မ္းမွ် NOx အဆင့္သည္ ၄၉ppm ရိွလိမ့္မည္။ (သီလ၀ါတြင္ ဓာတ္ေငြ႔တာဘုိင္ တစ္ခုစီမွ ၂၅ ppm ႏွင့္ ရြာမ ဓာတ္ေငြ႔တာဘုိင္မွ 

၉၇ ppm) 

NEQG သည္ ဓာတ္ေငြ႔တာဘိုင္တစ္ခုစီမွ ထုတ္လႊတ္မည့္ NOx စံႏႈန္း ႏွင့္ ဓာတ္ေငြ႔တာဘိုင္အားလုံးစီမွ ပ်မ္းမွ် ထုတ္လႊတ္မည့္ 

NOx စံႏႈန္း ေလွ်ာက္လႊာ ကဲ့သုိ႕ အေသးစိတ္ရွင္းလင္းစြာပါရိွေသာ ေလွ်ာက္လႊာကုိ မေဖာ္ျပထားပါ။ (ပ်မ္းမ်ွျခင္းကုိ ယူနစ္သုံးခုမွ 

စုစုေပါင္း ေလထုညစ္ညမ္းမႈ၀န္ ကုိ ဓာတ္အားထုတ္လႊတ္မႈစုစုေပါင္း ႏွင့္စားျခင္းျဖင့္ တြက္ထုတ္သည္။ ေလထုညစ္ညမ္းမႈ၀န္ကို 

ထုတ္လႊတ္သည့္ ဓာတ္ေငြ႔ထုထည္ ႏွင့္ တစ္ယူနစ္ျခင္းစီမွ ထုတ္လႊတ္သည့္ဓာတ္ေငြ႔စုစည္းမႈ တုိ႔ေျမွာက္ျခင္းျဖင့္ရရိွသည္။ 

စုစုေပါင္းေလထုညစ္ညမ္းမႈ၀န္သည္ တစ္ယူနစ္ျခင္းစီမွ ေလထုညစ္ညမ္းမႈ၀န္ကုိ ေပါင္းထားျခင္း  ျဖစ္သည္။) ထုိ႔ေၾကာင့္ 

ေနာက္ဆုံးမြမ္းမံျပီးတဲ့ EIA အစီရင္ခံစာ ေဆြးေႏြးမႈ ႏွင့္ အကျဲဖတ္လုပ္ငန္းစဥ္ မွတစ္ဆင့္ MONREC ECD ၏ အထက္ေဖာ္ျပပါ 

စံႏႈန္းေလ်ွာက္လႊာ ခြင့္ျပဳရန္ လုိအပ္သည္။ 

၃) လက္ရိွသီလ၀ါ ဓာတ္အားေပးစက္ရံုတြင္ NOx ဓာတ္ေငြ႔ထုတ္လႊတ္မႈေလ်ာ့ခ်ရန္အတြက္ ေရေဆးထုိးသည္႔စနစ္ (water 

injection system) ၏ ေလ်ွာက္လႊာမ်ားအား ေစာင့္ၾကည့္ေလ့လာေရး 

အထက္ေဖာ္ျပပါအတုိင္း လက္ရိွ သီလ၀ါဓာတ္အားေပးစက္ရံု(25MW x 2 units) တြင္ NOx ထုတ္လႊတ္မႈေလ်ာ့ခ်ရန္  အတြက္ 

ေရေဆးထုိးသည္႔စနစ္ (water injection system)  ပါရိွသည္။ သုိ႔ေသာ္ ေရေဆးထုိးသည္႔စနစ္ (water injection system) 

သည္ ယန္းေခ်းေငြစီမံကိန္းျဖစ္ေသာ ရန္ကုန္ေရေထာက္ပ့ံမႈ (Phase 1) ေအာက္ရိွ လဂြန္းျပင္ ေရေလွာင္ကန္မွ  

ေရေထာက္ပ့ံမႈရရိွျပီးေနာက္မွ စတင္လိမ့္မည္။ ေရေဆးထုိးသည္႔စနစ္ (water injection system) အတြက္္ ေရေထာက္ပ့ံမႈ 

သည္ NEQG တြင္စည္းကမ္းခ်မွတ္ထားေသာ NOx ထုတ္လႊတ္စုစည္းမႈ ႏွင့္ကုိက္ညီရန္ စီမံကိန္းအတြက္ လုိအပ္ေသာ 

အခ်က္ျဖစ္သည္။ ဒါ့အျပင္ လက္ရိွသီလ၀ါ ဓာတ္အားေပးစက္ရံုအတြက္ ေရေဆးထုိးသည္႔စနစ္ (water injection system) 

၏ေစာင့္ၾကည့္ေလ်ွာက္လႊာမ်ားလည္း လုိအပ္သည္။ 

အခန္း (၆) ဘ႑ာေရးႏွင့္ စီးပြားေရး ရွင္သန္နုိင္စြမ္း  

၆.၁ စီမံကိန္းမွ ခန္႕မွန္းထားသည့္ သက္ေရာက္မႈ (လုပ္ငန္းလည္ပတ္မႈ ႏွင့္ အက်ိဳးသက္ေရာက္မႈ ညႊန္းကိန္းမ်ား)  

လုပ္ငန္းလည္ပတ္မႈ ညႊန္းကိန္းမ်ားသည္ စီမံကိန္းစနစ္တက် လည္ပတ္လ်က္ရိွ/မရိွ ေရတြက္စစ္ေဆး၍ စီမံကိန္းမ်ား၏ 

လုပ္ငန္းလည္ပတ္မႈ အေျခအေနကုိ အကျဲဖတ္ရန္ ရည္ရြယ္သည္။ 

ဇယား ES ၆.၁-၁  လုပ္ငန္းလည္ပတ္မႈ ညႊန္းကိန္း မ်ား (နည္းလမ္း ၁) 

ညႊန္းကိန္း တြက္ခ်က္ပုံ ရည္မွန္းခ်က္ 

စက္ရုံ၏ဝန္ကိန္း (Plant load 
factor) (%) 

=တစ္ႏွစ္တြင္ထုတ္လုပ္ေသာလွ်ပ္စစ္/ (သတ္မွတ္ထြက္ႏႈန္း x တစ္ႏွစ္ရိွ နာရီေပါင္း) x 
၁၀၀ 
= Electricity generated per year /(rated output × hours per year) ×100 

၈၀% 

အပူႏွင့္ဆုိင္ေသာသာရည္စုစုေပါင္း 
(Gross thermal efficiency) 

=(တစ္ႏွစ္တြင္ထုတ္လုပ္ေသာလွ်ပ္စစ္စုစုေပါင္း x ၈၆၀)/ (တစ္ႏွစ္တာ 
ေလာင္စာဆီသံုးစြဲမႈ x ေလာင္စာဆီေၾကာင့္ထြက္လာေသာအပူ)x ၁၀၀ 
= (Gross electricity generated per year × 860) / (fuel consumption per year × 
heat release .alue of the fuel) × 100 

၄၅% အထက္ 

Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 
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ဇယား ES ၆.၁-၂  လုပ္ငန္းလည္ပတ္မႈ ညႊန္းကိန္း မ်ား (နည္းလမ္း ၂) 

Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

အက်ိဳးသက္ေရာက္မႈညႊန္းကိန္းမ်ားသည္ စီမံကိန္းမွ ေပၚထြက္လာေသာ ရလဒ္ကုိ အကျဲဖတ္ရန္ ရည္ရြယ္သည္။ 

ဇယား ES ၆.၁-၃  အက်ိဳးသက္ေရာက္မႈ ညႊန္းကိန္းမ်ား (နည္းလမ္း ၁) 

ညႊန္းကိန္း တြက္ခ်က္ပုံ ရည္မွန္းခ်က္ 
အသားတင္ လွ်ပ္စစ္စြမ္းအင္ ထုတ္လုပ္မႈ (Net electric 
energy production) (GWh) 

ညႊန္းကိန္းအမည္ျဖင့္ေဖာ္ျပထားသည္ ၁၇၅.၂ GWh 

အမ်ားဆုံး အထုတ္ (Maximum output) (MW) ညႊန္းကိန္းအမည္ျဖင့္ေဖာ္ျပထားသည္ ၂၅ MW 
Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

ဇယား ES ၆.၁-၄  အက်ိဳးသက္ေရာက္မႈ ညႊန္းကိန္းမ်ား (နည္းလမ္း ၂) 

ညႊန္းကိန္း တြက္ခ်က္ပုံ ရည္မွန္းခ်က္ 
အသားတင္ လွ်ပ္စစ္စြမ္းအင္ ထုတ္လုပ္မႈ (Net electric 
energy production) (GWh) 

ညႊန္းကိန္းအမည္ျဖင့္ေဖာ္ျပထားသည္ ၂၂၅.၇ GWh 

အမ်ားဆုံး အထုတ္ (Maximum output) (MW) ညႊန္းကိန္းအမည္ျဖင့္ေဖာ္ျပထားသည္ ၃၂.၂ MW 
Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

၆.၂ ဘ႑ာေရးႏွင္ ့စီးပြားေရး အားသံုးသပ္ျခင္း 

၆.၂.၁ ဘ႑ာေရး ခြဲျခမ္းစိတ္ျဖာျခင္း ႏွင့္စီးပြားေရး ဆန္းစစ္ျခင္းမ်ား ၏ ရည္ရြယ္ခ်က္မ်ားႏွင့္ နည္းလမ္းမ်ား 

ဘ႑ာေရးႏွင့္ စီးပြားေရးဆန္းစစ္ျခင္းမ်ားသည္ စီမံကိန္းမ်ား၏ ရွင္သန္နုိင္စြမ္း ဆန္းစစ္ရန္ ရည္ရြယ္ထားၿပီး IRR (Internal 

Rate of Return) ႏွင့္ NPV (Net Present Value) တုိ႕ကုိ တြက္ခ်က္ျခင္းျဖစ္ကာ ေရြးခ်ယ္ထားေသာ နည္းလမ္းမ်ား 

အတြက္ေဆာင္ရြက္ျခင္းျဖစ္သည္။ 

ဘ႑ာေရးခြဲျခမ္းစိတ္ျဖာမႈကုိ စီမံကိန္းအေကာင္အထည္ေဖာ္မည့္္အဖြဲ႕အစည္း (EPGE- 

လွ်ပ္စစ္ဓာတ္အားထုတ္လုပ္ေရးလုပ္ငန္း) ၏ရုွေထာင့္မွေန၍ စီမံကိန္း၏ အကိ်ဳးျဖစ္ထြန္းမႈကုိ အကျဲဖတ္ရန္ ေဆာင္ရြက္သည္။ 

FIRR (Financial Internal Rate of Return) ႏွင့္ FNPV (Financial Net Present Value) တုိ႕ကုိရရိွရန္အတြက္၊ စီမံကိန္း၏ 

အသားတင္အက်ိဳးခံစားခြင့္ကုိ စဥ္းစားတြက္ခ်က္ရာတြင္ ၁) အက်ိဳးေက်းဇူးမ်ား -ဥပမာ အဆုိပါစီမံကိန္းအေနျဖင့္ 

အေကာက္အခြန္မွ တုိးလာေသာဝင္ေငြ၊ ၂) ေစ်းကြက္ေပါက္ေစ်း အေပၚအေျခခံေသာ ကုန္က်စရိတ္ တုိ႕ျဖစ္သည္။ 

စီးပြားေရးဆန္းစစ္မႈကုိ ႏုိင္ငံ၏စီးပြားေရး ရႈေထာင့္မွေန၍ စီမံကိန္းမ်ား၏ ရွင္သန္နုိင္စြမ္းကုိ အကျဲဖတ္ဖုိ႔ရန္ေဆာင္ရြက္သည္။ 

EIRR (Economic Internal Rate of Return) ႏွင့္ ENPV (Economic Net Present Value) တုိ႕ကုိရရိွရန္ အတြက္၊ စီမံကိန္း၏ 

အက်ိဳးခံစားခြင့္ကုိ စဥ္းစားတြက္ခ်က္ရာတြင္ ၁) အျခားေရြးခ်ယ္စရာစြမ္းအင္ရင္းျမစ္မ်ား (ဥပမာ၊ ဒီဇယ္မီးစက္) 

ကုိအစားထုိးျခင္းအားျဖင့္ သက္သာသြားေသာ စရိတ္ေၾကာင့္ တုိးလာေသာ အက်ိဳးအျမတ္၊ ၂) စီးပြားေရးကုန္က်စရိတ္ 

တုိ႕ျဖစ္သည္။ 

ညႊန္းကိန္း တြက္ခ်က္ပုံ ရည္မွန္းခ်က္ 

စက္ရုံ၏ဝန္ကိန္း (Plant load 
factor) (%) 

=တစ္ႏွစ္တြင္ထုတ္လုပ္ေသာလွ်ပ္စစ္/ (သတ္မွတ္ထြက္ႏႈန္း x တစ္ႏွစ္ရိွ နာရီေပါင္း) x 
၁၀၀ 
= Electricity generated per year /(rated output × hours per year) ×100 

၈၀% 

အပူႏွင့္ဆုိင္ေသာသာရည္စုစုေပါင္း 
(Gross thermal efficiency) 

=(တစ္ႏွစ္တြင္ထုတ္လုပ္ေသာလွ်ပ္စစ္စုစုေပါင္းx၈၆၀)/(တစ္ႏွစ္တာ ေလာင္စာဆီသုံးစြဲမႈ 
x ေလာင္စာဆီေၾကာင့္ထြက္လာေသာအပူ)x၁၀၀  
= (Gross electricity generated per year × 860) / (fuel consumption per year × 
heat release .alue of the fuel) × 100 

၄၃% 
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၆.၂.၂ ဘ႑ာေရးသံုးသပ္ျခင္း 

အက်ိဳးခံစားခြင့္မ်ားႏွင့္ ကုန္က်စရိတ္ ျပဳစုျခင္း ႏွင့္ တြက္ခ်က္ျခင္း တုိ႕ကုိျပဳလုပ္ရာတြင္  ၂၀၁၇ ေစ်းႏႈန္းမ်ားကို 

ထည့္သြင္းစဥ္းစားကာ FIRR ရယူနုိင္ရန္အတြက္ ျဖစ္သည္။ ထုိ႔အျပင္  ေငြတုိက္စာခ်ဳပ္  (၈.၈%) ၏ႏႈန္းကုိ FNPV 

တြက္ခ်က္မႈမ်ား အတြက္ ေလွ်ာ့ေစ်းႏုွန္းအျဖစ္ အသံုးျပဳပါသည္။ အဆုိပါ ေလွ်ာ့ေစ်းႏႈန္းကုိ အသံုးျပဳျခင္းအားျဖင့္ နည္းလမ္း ၁ 

၏ FNPV ကုိ အေပါင္းတန္ဖုိး သုိ႔ေျပာင္းေစ၍၊ နည္းလမ္း ၂ တြင္မူ ဓာတ္ေငြ႕ကုန္က်စရိတ္ ႏွင့္ တုိေတာင္းေသာ 

စီမံကိန္းသက္တမ္း ႏွစ္၂၀ တုိ႕ေၾကာင့္ နည္းလမ္း ၂ တြင္ အႏႈတ္တန္ဖုိးျဖစ္လာသည္။ 

ဇယား ES ၆.၂-၁  FIRR ႏွင့္ FNPV 

 
               FIRR 

           FNPV (က်ပ္ 
သန္းေပါင္း) 

    FNPV 
(အေမရိကန္ေဒၚလာ 

သန္းေပါင္း) 
နည္းလမ္း ၁ *** *** *** 
နည္းလမ္း ၂ *** *** *** 

စုစုေပါင္း *** *** *** 
Source: Prepared ey the JICA Study Team 
Note: FIRR and FNPV of Total (Option 1+Option 2) are calculated eased on 30 years of project life. 

ဘ႑ာေရးသုံးသပ္ရန္ အတြက္ေဆာင္ရြက္ေသာ ခြဲျခမ္းစိတ္ျဖာမႈ (Sensiti.ity Analysis) မွ အေျခခံအျဖစ္ယူဆေသာ 

အေျခအေနသည္ အမွန္တကယ္အေျခအေနမွကြျဲပားျခားနားနုိင္ပါသည္။ ခြဲျခမ္းစိတ္ျဖာမႈ (Sensiti.ity Analysis) တြင္ ၁) 

ကုန္က်စရိတ္တုိးျမင့္မႈ (+ ၁၀%)၊ ၂) တည္ေဆာက္မႈေႏွာင့္ေႏွးျခင္း (၁ ႏွစ္) တုိ႕ကုိ ထည့္သြင္းစဥ္းစား ထားပါသည္။ 

ဇယား ES ၆.၂-၂  ဘ႑ာေရးသုံးသပ္ရန္ အတြက္ေဆာင္ရြက္ေသာ ခြဲျခမ္းစိတ္ျဖာမႈ (နည္းလမ္း ၁) 

အေၾကာင္းကိစၥ အကိ်ဳးအျမတ္ ကုန္က်စရိတ္ 

FIRR FNPV 

(%) (က်ပ္ သန္းေပါင္း) 
(အေမရိကန္ေဒၚ
လာ သန္းေပါင္း) 

အေျခခံအေျခအေန မေျပာင္း မေျပာင္း *** *** *** 
ကုန္က်စရိတ္တိုးျမင့္မႈ (+၁၀%) မေျပာင္း +၁၀% *** *** *** 
တည္ေဆာက္မႈေႏွာင့္ေႏွးျခင္း (၁ႏွစ္) မေျပာင္း မေျပာင္း *** *** *** 

Source: Prepared ey the JICA Study Team  
Note: The cost includes eoth the financial cost during construction period and O&M cost. 

ဇယား ES ၆.၂-၃  ဘ႑ာေရးသုံးသပ္ရန္ အတြက္ေဆာင္ရြက္ေသာ ခြဲျခမ္းစိတ္ျဖာမႈ (နည္းလမ္း ၂) 

အေၾကာင္းကိစၥ အကိ်ဳးအျမတ္ ကုန္က်စရိတ္ 

FIRR FNPV 

(%) (က်ပ္ သန္းေပါင္း) 
(အေမရိကန္ေဒၚ
လာ သန္းေပါင္း) 

အေျခခံအေျခအေန မေျပာင္း မေျပာင္း *** *** *** 
ကုန္က်စရိတ္တိုးျမင့္မႈ (+၁၀%) မေျပာင္း +၁၀% *** *** *** 
တည္ေဆာက္မႈေႏွာင့္ေႏွးျခင္း (၁ႏွစ္) မေျပာင္း မေျပာင္း *** *** *** 

Source: Prepared ey the JICA Study Team 
Note: The cost includes eoth the financial cost during construction period and O&M cost. 

နည္းလမ္း ၁ ၏ FNPV သည္ အားလုံးေသာ ခြဲျခမ္းစိတ္ျဖာျခင္း (Sensiti.ity Analysis) ကိစၥမ်ားတြင္ 

အျပဳသေဘာေဆာင္ေနဆဲျဖစ္သည္။ အျခားတစ္ဖက္တြင္ နည္းလမ္း ၂ ၏ FNPV သည္ တုိးျမွင့္လာေသာ 

ဓာတ္ေငြ႕ကုန္က်စရိတ္ ၏ ထင္ဟပ္မႈေၾကာင့္ ခြဲျခမ္းစိတ္ျဖာမႈ (Sensiti.ity Analysis) အားလုံးတြင္ အႏႈတ္သေဘာေဆာင္ၿပီး 

အျမတ္ကုိလည္းေလ်ာ့က်ေစသည္။ 
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၆.၂.၃ စီးပြားေရး သုံးသပ္ျခင္း 

EIRR ရယူနုိင္ရန္အတြက္ စီးပြားေရးအက်ိဳးအျမတ္ႏွင့္ ကုန္က်စရိတ္ျပဳစုျခင္း၊ တြက္ခ်က္ျခင္းတုိ႕တြင္ ENPV ရရိွေစေရးအတြက္ 

လူမႈေရး ေလၽွာ့ႏွဳန္း (Social Discount Rate) မွာ (၁၂%) ျဖစ္သည္။ 

ဇယား ES ၆.၂-၄  EIRR ႏွင့္ ENPV 

 

EIRR ENPV (က်ပ္ သန္းေပါင္း) 
ENPV 

(အေမရိကန္ေဒၚလာ 
သန္းေပါင္း) 

နည္းလမ္း ၁ *** *** *** 
နည္းလမ္း ၂ *** *** *** 

စုစုေပါင္း *** *** *** 
Source: Prepared ey the JICA Study Team 
Note: EIRR and ENPV of Total (Option 1+Option 2) are calculated eased on 30 years of project life.. 

ခြဲျခမ္းစိတ္ျဖာမႈ ရလဒ္မ်ားအရ နည္းလမ္း ၂ ခုစလုံး၏ EIRR မ်ားသည္ ျဖတ္ေတာက္မႈႏွဳန္း (Cut-off Rate) 

ထက္ျမင့္မားေၾကာင္း အေျခခံျဖစ္ရပ္တြင္ေတြ႕ရသည္။ စီမံကိန္း၏ ENPV သည္ နည္းလမ္း ႏွစ္ခုစလုံးတြင္ 

ေကာင္းမြန္ေသာရလဒ္မ်ားကုိျပသည္။ အဆုိပါစီမံကိန္းသည္ အမ်ိဳးသားစီးပြားေရးကုိ တုိးတက္ေအာင္ ေဆာင္ရြက္ေသာ 

ရႈေထာင့္မွ ၾကည့္လွ်င္ သင့္ေတာ္သည္။  
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Chapter 1 General Background 

1.1 Economic and Financial Situation in Myanmar 

Myanmar has a population of 51.48 million in an area of 676,552.6 km2. The population of Myanmar 

had increased by nearly 80% in the last 40 years. 

Table 1.1-1  Trend of Population of Myanmar 
 

1973 1983 2014 

Population (Mil.) 28,921 35,308 51,486 

Change (%)  22.1% 45.8% 

Source: Central Statistical Organization, “Statistical Yeareook 2016”, Taele 1.09 Population Proportion to the Union 

The recent gross domestic product (GDP) of Myanmar achieved a steady growth of 10-15% per annum 

from FY 2011 to FY 2015. 

 
(Unit: MMK in eillion ) 

Source: Central Statistical Organization, “Statistical Yeareook 2016”, Taele 8.01 Gross Domestic Product (GDP) at 
Current Prices ey Sectors of Activity 

Figure 1.1-1  Groii Domeitic Product (GDP) at Current Pricei by Sector of Activity 

Although the GDP of Myanmar has grown steadily, the sector-wise GDP shows a somewhat different 

picture. The industrial sector is a fast-growing sector, while the agriculture sector shows a low growth 

rate compared with other two sectors. 

Table 1-1.2  Year to Year Percentage Change of GDP and Sector-wiie GDP 

 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 

Agriculture 2.7% 4.2% 9.3% 6.0% 7.2% 

Induitry 37.6% 14.5% 13.1% 19.9% 11.7% 

Service 14.9% 13.2% 16.4% 11.2% 14.6% 

GDP 16.4% 10.7% 13.2% 12.5% 11.5% 

Source: Central Statistical Organization, “Statistical Yeareook 2016”, Taele 8.01 Gross Domestic Product (GDP) at 
Current Prices ey Sectors of Activity 
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According to the World Bank’s report, the pace of economic growth has become moderate at 6.5% in 

FY 2016.1 The report forecasts that the economic growth will be 7.1%/year in average in the next three 

years. 

In line with the economic growth, per capita GDP has been increasing in recent years. Poverty has been 

decreasing between 2009 and 2015, according to the joint study by the World Bank and the Government 

of Myanmar. 2  However, poverty still remains substantial and is concentrated in rural areas. 

Approximately 70% of the poor people live in rural area.  

Table 1.1-3  Per Capita GDP and Year to Year Percentage Change 

 (Unit: Meanmar Keat) 
 

FY 2010 FY 2011 FY 2012 

Per Capita GDP 801,418 923,406 1,011,689 

Year to Year change 
 

15.2% 9.6% 

Source: Central Statistical Organization, “Statistical Yeareook 2016”, Taele 8.03 Expenditure on Gross Domestic 
Product at Constant Prices 

The Government of Myanmar plays a major role in developing the environment to enable the country 

achieve economic growth and reduce poverty. The volume of the revenue and expenditure has been 

increasing but the budget deficit has been also increasing.  

Table 1.1-4  Trend of the Government Budget 

 (Unit: MMK in million) 

 FY 2000 FY 2005 FY 2010 FY 2011 

1.heceipti 418,993  1,946,724  5,693,379  6,498,797  

2.Expenditurei 633,798  2,353,941  7,506,939  8,208,812  

3. Gap (214,804) (407,217) (1,813,560) (1,710,016) 

Source: Central Statistical Organization, “Statistical Yeareook 2016”, Taele 17.01 Summary of the State Budget 

This trend is estimated to continue and is likely to expand. The deficit of the public sector increased 

from 1.1% of GDP in FY 2014 to an estimated 3.3% in FY 2015 as indicated in Table 1.1-5, due to a 

combination of factors such as falling commodity revenues, depreciation of Myanmar kyat, unexpected 

expenditures for flood and disaster, and an increasing wage.3 The balance of the public debt compared 

with GDP is expected to be constant and significant, at approximately 35% in the future. 

Table 1.1-5  Trend and Forecait of Public Budget 2013/14-2019/20 

(Unit: % of GDP) 

 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 

a) hevenue 20.2 22.3 19.9 16.8 16.7 16.3 16.8 

b) Expenditure 21.7 23.4 23.2 21.3 20.5 19.6 19.9 

c) Balance (a-c) -1.5 -1.1 -3.3 -4.5 -3.8 -3.3 -3.1 

Public Debt 34.2 29.5 33.8 33.8 33.8 34.3 34.7 

Source: World Bank, “Myanmar Economic Monitor: Anchoring Economic Expectations”, Decemeer 2016, Taele 8 

Despite the increasing trend of the budget deficit, more and huge amount of investment is required to 

the power sector. The recent World Bank report estimates that new investments in electricity generation, 

                                                        
1 World Bank, “Myanmar Economic Monitor: Anchoring Economic Expectations”, December 2016. 
2 http://www.worldbank.org/en/country/myanmar/overview#2 

3 World Bank, “Myanmar Economic Monitor: Anchoring Economic Expectations”, Para. 39, December 2016. 
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transmission, and distribution are required at nearly USD 2 billion (approximately MMK 2,700 billion) 

per year in the next 15 years in order to achieve universal access to electricity by 2030.4 

1.2 Overview of Power Sector in Myanmar 

Organizations and Responsibilities 

The Ministry of Electricity and Energy (MOEE) is the responsible ministry for the power sector. MOEE 

also has roles on oil and gas for procurement, production, and transportation. MOEE was established in 

April 2016 under the structural reform of the government by merging the Ministry of Electric Power 

and the Ministry of Energy. 

The following organizations under MOEE are relevant organizations for this study. 

� Electric Power Generation Enterprise (EPGE): Responsible for operation of power plants owned 

by the government 

� Department of Power Transmission and System Control (DPTSC): Planning, operation and 

maintenance (O&M) and system control of power transmission system 

� Yangon Electricity Supply Corporation (YESC): Power distribution in Yangon 

� Myanmar Oil and Gas Enterprise (MOGE): Investigation, development, production, and 

transportation of oil and gas 

The organization chart of MOEE is shown below. 

                                                        
4 World Bank, “Myanmar Economic Monitor: Anchoring Economic Expectations”, Para. 45, December 2016. The figures 

are quoted from the World Bank, “Energizing Myanmar: Enhancing Access to Sustainable Energy for All”, 2016. 
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Source: MOEE and Nippon Koei Co., Ltd. 

Figure 1.2-1  Organization Chart of MOEE 

Power Generation 

Major power sources in Myanmar are hydro (approx. 60%) and gas (approx. 40%). Previously, more 

than 70% of power was supplied by hydro; however, the percentage was slowly decreasing due to 

installation of new gas power plant to meet increasing demand. The share of hydropower is 58.6% in 

2016. 

(1) Gas Fired and Coal Thermal Power Plants 

The installed capacities and available capacities are shown in Table 1.2-1 below.  

Table 1.2-1  Initalled/Available Capacity of Gai Fired and Coal Thermal Power Planti 

 EPGE IPPi 
Total 

 Yangon Other Area Yangon Other Area 

a) Initalled Capacity (MW) 761 277 281 842 2,160 

b) Available Capacity (MW) 290 63 256 726 1,335 

c) Difference (b/a) 38% 22% 91% 86% 62% 

Note: All plants are gas fired power plants except one IPP (120 MW, coal thermal). 
Source: Prepared ey the JICA Study Team eased on the data puelished ey JETRO 

The total installed capacity of thermal power plants (mainly gas) in Myanmar is 2,160 MW; however, 

available capacity is only 1,335 MW, which is 62% of installed capacity. The reason of the difference is 

aging facilities mainly owned by EPGE, which can produce much less power than installed capacity. 

The list of existing thermal power plants and location of thermal power plants are shown below. 
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Table 1.2-2  Outline of the Exiiting Thermal Planti 

 
Source: MOEE 

 
MW No

GT 33.30 3 99.9 1996

ST 54.30 1 54.3 1999

GT 18.45 2 36.9 1980

GT 24.00 1 24.0 2004 Operation Stop by damage on GT H25

ST 9.40 1 9.4 2004

GT 120.00 2 240.0 240.0 2014 80.0 Donated from EGAT

GT 33.30 3 99.9 1995

ST 54.30 1 54.3 1999

GT 19.00 3 57.0 1990 Operation Stop (1unit) by damage on GT

ST 35.00 1 35.0 1997 Operation Stop by damage on ST

Thilawa GT 25.00 2 50.0 50.0 2016 18.8 Zawtica H25

 760.7 233.8

GE 1.05 26 27.3 2013 7.9 1st phase in 2013 (Desser-Rand Spain)

GE 9.20 3 27.6 2015 7.9 2nd phase in 2015 (Rolls-Royce) 

MSP (UPP)

(Nyan Shuwe Pyi)
Ywama GE 4.00 13 52.0 52.0 2013 16.6 Yadana CAT CG260-16

GT 41.00 2 82.0 2013 GE LM6000

ST 39.00 1 39.0 2014

Max Power (CIC) Thaketa GE 3.35 16 53.6 53.6 2013 15.0 Yadana (MITSUI 44%) , MPPL:Singapole, Jenbacher

Yangon District Thaketa GT 25.00 1 25.0 25.0 2017 HFO

GT 32.00 2 84.0 2017 no data no data

ST 42.00 1 42.0 2017 no data

281.5 77.2

1,042.2 311.0

Kyunchaung GT 18.10 3 54.3 54.3 1974 18.0 Inland

Man GT 18.45 2 36.9 36.9 1980 12.0 Inland Operation Stop

Shwetaung GT 18.45 3 55.4 55.4 1984 27.0 Yadana

GT 18.45 1 18.5 1984 Replace planning  by JICA

GT 16.25 1 16.3 1975 Decommitiond 

GT 18.45 1 18.5 1985

GT 16.25 2 32.5 2001

GT 40.00 2 80.0 2016 no data no data

39.00 1 39.0 2016 no data

Mawlamyine GT 6.00 2 12.0 12.0 1980 4.0 Zawtika

363.3 86.0

VPower KyaukPhyu GE 1.56 32 50.0 50.0 2015 no data Shwe Rental

Aggreko Mingyan GE 1.04 92 95.0 95.0 2015 no data Shwe Rental　net output

Sembcorp/MMID Mingyan GTCC 2 225.0 225.0 2018 no data Shwe

APR Kyaukse GE 1.50 68 102.0 102.0 2014 27.0 Shwe

Mawlamyine GTCC 100.00 1 100.0 2014 no data no data

Mawlamyine GTCC 130.00 1 130.0 2015 no data no data

APU Kanbauk no data schedule delaied expected 2020

702.0 27.0

1,065.3 113.0

2,107.5 424.0
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Source: MOEE 

Figure 1.2-2  Location of the Thermal Power Planti 

(2) Hydro Power Plants 

Myanmar has much hydropower potentials especially in the mountainous area in northern part of 

Myanmar such as Kachin State or Shan State. The total installed capacity of hydro power plants in 

Myanmar is 3,221 MW. However, some independent power producers (IPPs) are exporting power to 
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China. The capacity for domestic sale is 2,553 MW. Table 1.2-3 shows installed capacity of hydro power 

plants. 

Table 1.2-3  Initalled Capacity of Hydro Power Planti 

 EPGE IPPi Total 

a) Initalled Capacity (MW) 2,110 1,111 3,221 

b) Initalled Capacity for Export (MW) 0 668 668 

c) Initalled Capacity for Domeitic (b-a) 2,110 443 2,553 

Source: Prepared ey the JICA Study Team eased on the data puelished ey METI and JETRO 

Available power generation is depending on the volume of available water and the capacity of 

transmission line to send power to the south, especially Yangon, where half of the electricity is consumed. 

The list of existing hydro power plants and location of hydro power plants are shown below. 

Table 1.2-4  Outline of Exiiting Hydro Planti 

 
Source: Prepared ey the JICA Study Team eased on the data puelished ey METI and JETRO 

 
MW/Unit No Total

Total Sell to

Domestic (EPGE)

Baluchaung-2 28 6 168 168 1960

Kinda 28 2 56 56 1985

Sedawgyi 12.5 2 25 25 1989

Baluchaung-1 14 2 28 28 1992

Zawgyi-1 6 3 18 18 1995

Zawgyi-2 6 2 12 12 1998

Zaungtu 10 2 20 20 2000

Thapanseik 10 3 30 30 2002

Mone 25 3 75 75 2004

Paunglaung 70 4 280 280 2005

Yenwe 12.5 2 25 25 2007

Kabaung 15 2 30 30 2008

KengTawng 18 3 54 54 2009

Yeywa 197.5 4 790 790 2010

Shwegyin 18.75 4 75 75 2011

Kun 20 3 60 60 2011

KyeeonKyeewa 37 2 74 74 2012

Nancho 20 2 40 40 2013

PhyuChaung 20 2 40 40 2014

UpperPaunglaung 70 2 140 140 2014

Myo Kyi 15 2 30 30

Myint Thar 20 2 40 40

Total EPGE 59 2,110 2,110

Shweli-1 100 6 600 400 2009

Dapein-1 60 4 240 43 2011

ThaukYeKhat-2 40 3 120 120 2013

Chipwinge 33 3 99 99 2013

Baluchaung-3 26 2 52 52 2014

Total IPP 18 1,111 443

Total EPGE + IPP 77 3,221 2,553

COD

EPGE

IPP

Owner Plant

Installed Capacity
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Source: MOEE 

Figure 1.2-3  Location of Hydro Power Planti 
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(3) Power Generation in Past Years 

The power generation in Myanmar is increasing with 13% growth rate, to catch up with the growth in 

electricity demand. The annual power generation in fiscal year 2010-11 was 8,598.1 GWh and the one 

in fiscal year 2015-16 was 15,864.8 GWh. 

The annual power generation from year 2010-11 to 2015-16 is shown in Table 1.2-5. 

Table 1.2-5  Domeitic Power Production from Year 2010-11 to 2015-16 

 
Source; DEPP, Central Statistics Bureau 

Power Transmission and Distribution 

The standard transmission line voltages in Myanmar are 66 kV, 132 kV, and 230 kV. Now, the 500 kV 

transmission lines are under construction. The Department of Electric Power Transmission and System 

Control (DPTSC) is the responsible organization for planning, construction, operation and maintenance 

of power transmission facilities of 132 kV or more. The 66 kV and 33 kV lines related to power stations 

(power supply line) are still under management of DPTSC. Other lines like 66 kV and 33 kV are not 

related to power stations, and 11 kV and lower voltage line are under the management of distribution 

companies like the Yangon Electricity Supply Corporation (YESC) in case of the Yangon area. 

For Thilawa area, 33 kV power supply is currently available (as of August 2017) from Thanlyin 

Substation. However, 2 circuits of 230 kV lines are to be connected soon to Thilawa Substation from 

Kamarnat Substation and Thanlyin Substation. 

Electricity Tariff 

Electricity tariff in Myanmar is relatively cheaper compared with other Southeast Asian countries. 

Around MMK 35 to 50/unit for domestic use and MMK 75 to 150/unit for industrial use. (Applied unit 

cost varies based on the consumed quantity.) The Electric Power Generation Enterprise (EPGE), the 

single buyer of electricity, sells electricity to YESC at MMK 58/unit. Such low tariff to domestic 

consumers is maintained through subsidy from the government. This is one of the major reasons of 

financial loss of the government.  

The current electricity tariff (YESC) is shown in Table 1.2-6. 

 Type of Power Generation

Hydro Gas Thermal Diesel

(GWh) (%) (GWh) (%) (GWh) (%) (GWh) (%)

2010 - 2011 6189.0 72.0% 1736.5 20.2% 640.0 7.4% 32.7 0.4% 8598.1

2011 - 2012 7518.0 72.1% 2119.1 20.3% 749.8 7.2% 38.2 0.4% 10425.0

2012 - 2013 7766.2 70.8% 2377.4 21.7% 770.6 7.0% 50.6 0.5% 10964.9

2013 - 2014 8823.1 72.0% 2794.3 22.8% 568.9 4.6% 60.8 0.5% 12247.1

2014 - 2015 8828.8 62.4% 4977.0 35.2% 285.5 2.0% 64.9 0.5% 14156.3

2015 - 2016 9399.0 58.9% 6225.6 39.0% 285.0 1.8% 55.2 0.3% 15964.8

*Fisca l  year s tarts  from Apri l .

TotalFiscal Year*
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Table 1.2-6  Electricity Tariff (YESC) 

heiidential Tariff hatei  Commercial Tariff hatei 

kWh/month MMK/kWh  kWh/month MMK/kWh 

0-100 35  0-500 75 

101-200 40  501-10,000 100 

201+ 50  10,001-50,000 125 

Meter Service Fee 500/month (Single Phase)  50,001-200,000 150 

   200,001-300,000 125 

   300,001+ 100 

   Meter Service Fee 2,000/month (Three Phases) 

5,000/month (CT Meter) 

Source: YESC and JICA Study Team 
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Chapter 2 Survey Policy  

2.1 Implementation Policy for the Survey  

2.1.1 Background and Purpose of the Survee 

(1) General 

The installation capacity of total generation power plant is about 4,651 MW in the Republic of the Union 

of Myanmar (hereinafter referred to as Myanmar). Whereas, dependable capacity of the plants is only 

about 1,823 MW, as of November 2015. In particular, the maximum gap at peak load between demand 

and supply reaches approximately 250 MW. In addition, the peak demand will excess 14,500 MW by 

2030 and reinforcement of power supply capacity and national grid are urgent issues according to the 

National Electricity Master Plan Study (2014). 

In July 2016, the Government of Myanmar publicized economic policies in which infrastructure 

including power supply, road, and port facilities shall be prioritized. Moreover, as energy cooperation 

to enable industrial development was stated as one of the nine pillars in the Japan-Myanmar Cooperation 

Program, publicized in November 2016, the importance of cooperation in the power sector is vital 

between Myanmar and Japan. 

In Thilawa Special Economic Zone (SEZ), two units of gas turbine power generation (GTG) plant with 

rated capacity of 25 MW each have been installed by the Japan International Cooperation Agency (JICA) 

loan and the power plant supplies to Thilawa SEZ and Yangon. The power demand at Thilawa SEZ, 

however, will exceed the power supply of the power plant. Considering this forecast, the reinforcement 

of power supply is an urgent matter for Thilawa SEZ. Furthermore, the power plant is also supplying to 

Yangon therefore the development plan should be studied to be in accordance to the reinforcement of 

national grid/distribution line in/nearby Yangon. 

In consideration to the above situation, JICA will conduct a study on current power supply situation 

in/near Thilawa and Yangon, and submit proposal to the Government of Myanmar. 

(2) Purpose of the Study 

The main purpose of this study is to propose the improvement plan for the power supply in Thilawa 

SEZ and Yangon in the future through survey on (i) current power supply situation in those areas and 

(ii) related grid/distribution line and power plants including those at the planning stage. 

2.1.2 Current Situation of the Sector and Area 

(1) Survey Area and Overview of the Power Supply 

The Thilawa SEZ, mainly planned to lure Japanese enterprises, is located approximately 22 km away 

from Yangon. So far, several cooperation projects have been carried out at the SEZ. 

In particular, GTG plants have continuously contribute to the power supply at the SEZ with two units 

of 25 MW capacities. Surplus of power generation in day time is sent to Yangon through 33 kV 

distribution line and Thanlyin Substation, which were installed by the same JICA loan project with GTG 

plant. During nighttime, industry at the SEZ is not activated, so almost all generations by GTG are sent 

to Yangon as well as surplus in day time. 
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(2) Recognition of the Current Situation 

For conducting this study, the JICA Study Team is planning three stages: (1) recognition of current 

situation of power supply and identification of problems, (2) conceptual design for selected plan, and 

(3) reporting. 

Prior to the conduct of the study, previous studies and implemented projects through JICA loan will be 

reviewed and appropriate plan will be proposed in consideration of the review and new fact findings 

through the study. 

2.1.3 Issues on the Stude 

(1) Issue-1: Transmission/Distribution Line and Substation Facilities nearby Thilawa SEZ 

1) Power System Facilities nearby SEZ 

Figure 2.1.3-1 shows the overview of power system diagram near Thilawa SEZ. Twelve feeders (six 

loops) at 33 kV are currently equipped to supply SEZ and more feeders will be required as tenants at 

the SEZ to settle and start their industrial activities. 

 
Source: Prepared ey the JICA Study Team 

Figure 2.1.3-1  Overview of the Power Syitem Diagram Nearby Thilawa SEZ 

2) Power System Facilities for Low Load at Thilawa SEZ 

As of July 2017, 37 enterprises have commenced commercial operation of their factories and the peak 

demand of Thilawa SEZ reaches about 4.5 to 5.0 MW. Until September 2017, GTG was operating at 

12.5 MW due to insufficient pressure of gas, but now fuel gas compressor is installed, so it is operating 

at rated output. After the completion of installation work of gas compressor and obtainment of supply 

permission for large amount of gas flow, GTG will enable to supply rated capacity of 50 MW from 

September 2017. As per nighttime demand, it will not be changed since factories are not operating and 

demand will be low after starting full operation at 50 MW. Therefore, a large proportion of generated 
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power by GTG will be sent to Yangon. In addition, in case the GTG plant is enhanced through 

installation of heat recovery steam generator (HRSG) and steam turbine (ST), surplus will increase. 

Thus, power system facilities will be studied in consideration of the above. 

(2) Issue-2: Gap between Power Demand and Supply in Yangon 

Table 2.1.3-1 discloses demand forecast in Myanmar by region, as of 2014.  

Table 2.1.3-1  Demand Forecait in Myanmar by hegion 

hegion 
High Caie (MW) 

FY 2012 FY 2030 

Kachin 21 185 

Kaeah 8 162 

Kaein 13 165 

Chin 3 90 

Mon 45 418 

Rakhine 10 243 

Shan 103 355 

Sagaing 98 349 

Tanintharei 52 290 

Bago 131 646 

Magwe 106 293 

Mandalae 457 2,731 

Aeeearwadde 85 406 

Yangon 742 8,209 

Total 1,874 14,542 

Source: MOEP Presentation Material 

The demand in Myanmar is forecasted with a rapid growth and it is estimated at about 14,542 MW in 

2030. The demand in Yangon is predicted at 8,209 MW, which is approximately eleven folds of 2012. 

As of 2015, the demand and supply gap is analyzed at about 250 MW throughout the nation. Thus, the 

development in the power sector is an urgent matter. 

(3) Issue-3: Water Supply for the Installation of Add-on of HRSG and ST 

Enhancement of the existing Thilawa GTG Power Plant is being considered through the adaptation of 

combined cycle system. One of the issues for the enhancement is subsidence. Utilization of huge amount 

of underground water will cause subsidence. Therefore, consumption of underground water is strictly 

limited up to 1,000 t/day for the whole SEZ area and 300 t/day for the GTG power plant. Taking into 

account the situation, the existing GTG plant will utilize La Gun Byin irrigation water for cooling and 

NOx elimination. In case the generation capacity is increased by the installation of HRSG and ST, more 

water is required than planning. Depending on the method of enhancement of power generation and its 

requirement of amount of water, water supply can be insufficient only if the current water rights for La 

Gun Byin and water source will an issue.  
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2.1.4 Police on the Stude 

The diagram of policy on this study is shown below. 

 
Source: Prepared ey the JICA Study Team 

Figure 2.1.4-1  Iiiuei on thii Study and Study Policy for the Iiiuei 

Policy-1 Study on the Existing National Grid, Identification of the Problem, and Plan for 

Countermeasures 

At the beginning of this study, the progress of the master plan will be confirmed to the Ministry of 

Electricity and Energy (MOEE) and EPGE. Besides, demand forecast and required number of feeders 

(loops) will be asked to the Myanmar Japan Thilawa Development Limited (MJTD). The main points 

to be confirmed are listed below. 

Table 2.1.4-1  Confirmed Itemi for Power Supply and iti Survey and Study Methodi 

 Itemi to be Confirmed Survey Method Study Method 

1 Power supple facilities in 

Thilawa SEZ 

To obtain demand forecast and 

rewired numbers of feeders from 

MJTD be eear. 

To stude if additional feeders at Thilawa S/S 

can be installed in consideration to the 

information and data from MJTD. 

- If so, location for new S/S will be studied 

incorporating the MJTD perspective.  

2 Power sestem facilities for 

surplus of the generated 

power output 

To confirm issues on sending 

surplus power to the grid and 

obtaining related data. 

To confirm and stude surplus 

power during both peak load and 

night (for both before and after 

adaptation of CCGT). 

To confirm operation police with 

low load. 

To stude power sestem analesis based on 

obtained information and data. If the 

existing grid is not viable for sending 

surplus power, reinforcement plan will be 

studied such as upgrading of existing 

conductors and installation of new 

transmission/ distribution lines and S/S. 

Source: Prepared ey the JICA Study Team  

Policy-2 Confirmation on the Progress of the Master Plan and Study for Supporting Plan 

To confirm the progress of the master plan including reinforcing the existing transmission/distribution 

lines and substations, is one of the most significant study items because the demand is forecasted in 

rapid growth. The development plan for new power source, which is not included in the latest master 

plan, can also play an important role to alleviate the gap between the demand and supply. 

[ Issue-1 ]

Transmission / Distribution Line and

Substation Facilities nearbe Thilaw a SEZ

[Police-1 ]

Stude on the Existing National Grid, Identif ication

of the Problem, and Plan for Countermeasures

[ Issue3 ]

Water Supple for Installation of Add-on of

HRSG and ST

[ Police-3 ]

Water Resource and Stude on its Utilization and

Reduction of Water Use

[ Issue-2 ]

The Gap between Power Demand and

Supple in Yangon

[ Police-2 ]

Confirmation of Progress on Master Plan and

Stude for Supporting Plan
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Looking at the indigenous gas production in Myanmar, the production for the next ten years seems to 

drop. Turning to the public awareness on the environment in Myanmar and external factors such as Paris 

Agreement, it is preferable to enhance generation capacity with add-on combined cycle system to the 

existing GTG plant rather than installation of new power plant. The existing power plants near Yangon 

are listed in Table 2.1.4-2. 

Table 2.1.4-2  Exiiting Power Planti nearby Yangon 

Owner P/S Category Capacity COD Gai Field 

MW No Total (MW) 

MOEE (Ministre of 

Electricite and Energe) 

Hlawga GT 33.30 3 99.9 154.2 1996 Yadana 

ST 54.30 1 54.3 1999 

Ywama GT 18.45 2 36.9 70.3 1980 

GT 24.0 1 24.0 2004 

ST 9.40 1 9.4 2004 

GT 120.00 2 240.0 240.0 2014 

Ahlone GT 33.30 3 99.9 154.2 1995 

ST 54.30 1 54.3 1999 

Thaketa GT 19.00 3 57.0 92.0 1990 Zwtika 

ST 35.00 1 35.0 1997 

Thilawa GT 25.00 2 50.0 50.0 2016 

Subtotal (MOEE)     760.7   

Zeea (Meanmar 

Compane) 

Hlawga GE 1.05 26 27.3 54.5 2013 Yadana 

GE 1.05 26 27.3 2015 

MSP (Nean Shuwe Pei) Ywama GE 4.00 13 52.0 52.0 2013 

Toeo-Thai Ahlone GT 41.00 2 82.0 121.0 2013 

ST 39.00 1 39.0 2014 

Max Power Thaketa GE 3.35 16 53.6 53.6 2013 

Subtotal (IPP)     281.1   

Total (Yangon)     1041.8   

Source：EPGE 

As of July 2017, Thilawa GTG Plant supplies to Yangon during day and night. Thus, countermeasures 

will be studied considering reinforcement of the existing Thilawa GTG plant as one of the solutions. 

Policy-3 Water Resource and Study on its Utilization and Reduction of Water Use 

(1) Water Resource nearby Thilawa SEZ and its Utilization 

Additional use of underground water at Thilawa SEZ is not available. In case power generation is 

enhanced in /nearby Thilawa SEZ, other water resource should be secured from outside of the SEZ. 

Assumed water resources at present are listed in Table 2.1.4-3. 
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Table 2.1.4-3  Aiiumed Water heiource for Additional Uie at Thilawa SEZ 

Water heiource Amount of Water hemarki 

La Gun Bein Reservoir 10,000 tons/dae (be the end of 

2018) 

32,000 tons/dae (be the end of 

2019) 

Under implementation be JICA loan. The 

water pipeline is being constructed toward 

Yangon where 42,000 ton per dae will be 

apportioned to Thilawa SEZ after completion 

at the end of 2019.  

Ban Bwe Gon Reservoir 1,400 tons/dae Completed in 1994. Managed be the Ministre 

of Agriculture and Irrigation (MOAI). Irrigation 

is the main purpose for the resource, but 

some amount of water is sent to household in 

Keauk. 

Yangon River Plente The area is a tidal zone. Therefore, 

desalination sestem in large scale shall be 

installed. 

Source: Prepared ey the JICA Study Team  

(2) Study on Reduction of Water Consumption 

One of the enhancements for power supply is adaptation of combined cycle system to the existing 50 

MW plant. In consideration to securing water resource at Thilawa SEZ, cooling method will be 

examined with cooling tower type and air cooling type with air fins. The comparison between those 

cooling methods and amount of water consumption will be studied and feasible method will be justified.  

The comparison between wet cooling and dry air-cooled system is shown below. 

Table 2.1.4-4  Compariion between Wet Cooling and Dry Air-cooled Syitem 

Itemi Wet Cooling Syitem Air-cooled Syitem 

Heat Removal be Water evaporation Air convection and radiation 

Plant Efficience Base Lower (about 2%) 

Turbine Back Pressure Base Higher (Cause of low efficience) 

Cost (Capital) Base (1.0; <US 44/kW>) Higher (3.0-3.5) 

Cost (Operational) Base (1.0; <US 17/kW>) Higher (3.0-3.5) 

Auxiliare Power Base Larger (more fans) 

Water Consumption Moderate amount Less  

Maintenance 
Mechanical tepe: Fans  

Natural tepe: No motor 
Much more fans 

Wind Effect Base Large 

Actual Site Cool to hot area Cold to cool area 

Source: Prepared ey the JICA Study Team  
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2.2 Methodology for the Implementation of Survey 

2.2.1 General Work Flow 

In this study, the JICA Study Team sets three stages: I) Confirmation of Current Situation and 

Identification of Problems, II) Conceptual Design, and III) Reporting and Discussion. 

<First Stage> Confirmation of Current Situation and Identification of Problems 

� Preparation and Discussion on Inception Report 

� Collection and Analysis of the Existing Document 

� Recognition of Current Condition of Power Supply and Identification of Problems 

� Demand in Thilawa SEZ and Yangon 

� Current Condition of Power System 

� Policy of Reinforcement of Power Supply 

� Viability of Policy and Expected Project’s Benefit 

<Second Stage> Conceptual Design 

� Study on Candidate Site, Peripheral Equipment, and the Existing Facilities 

� Enhancement of the Existing GTG Plant (Single Cycle to Combined Cycle)  

� Power System Analysis with Capacity Enhancement 

� Study on Necessary Facilities for Enhancement of Transmission and Distribution Line and 

Substation 

� Study on Installed Facilities and Implementation Schedule (Lead Time, Items, Specification, 

Quantity, and Rough Cost Estimation) 

� Fuel Supply Plan 

� Study on Organization for Operation and Maintenance 

� Experience of Operation and Maintenance and Evaluation of Technical Assistance Needs 

� Clearance and Permission 

� Monitoring Implementation Status of Environmental Norms and Environmental and Social 

Consideration by Myanmar Side 

<Third Stage> Preparation of Final Report and Discussion 

� Preparation and Discussion on Draft Final Report 

� Preparation of Final Report and Submission 

General work at the original flow is shown below. The schedule was modified due to additional TORs 

and the date of submission of final report was January 30, 2018. 
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Source: Prepared ey the JICA Study Team 

Figure 2.2.1-1  General Work Flow 

Site /

Domestic

Survey

R
ep

or
t

In
ce

p
ti

o
n

 R
ep

o
rt

D
ra

ft
 F

in
al

 R
ep

o
rt

F
in

al
 R

ep
o

rt

[ 
D

2 
]

2n
d

 D
o

m
es

ti
c 

W
o

rk

Survey Detail

[ 
D

1 
]

1s
t 

D
o

m
es

ti
c 

W
o

rk

[ 
F

2 
]

2n
d

 S
it

e 
S

u
rv

ey

20
17

N
o

ve
m

b
er

3
4

[ 
D

0 
]

P
re

p
ar

at
io

n

W
o

rk

[ 
F

1 
]

1s
t 

S
it

e 
S

u
rv

ey

2

S
ep

te
m

b
er

A
u

g
u

st

1

Timeline

O
ct

o
b

er

1
) 

C
o

lle
ct

io
n

a
n

d
 A

n
a

ly
si

s 
o

f 
th

e
 E

xi
st

in
y

 

D
o

cu
m

e
n

t 
a

n
d

 D
is

cu
ss

io
n (2

)-
1

)-
1

D
e

m
a

n
d

 in
 T

h
ila

w
a

 S
E

Z
 a

n
d

 

Y
a

n
y

o
n

(2
)-

3
)

S
tu

d
y 

o
n

 C
a

n
d

id
a

te
 S

ite
, 

P
e

rip
h

e
ra

l E
q

u
ip

m
e

n
t,

a
n

d
 

th
e

 E
xi

st
in

y
 F

a
ci

lit
ie

s

(2
)-

1
)-

2

C
u

rr
e

n
t

co
n

d
iti

o
n

 o
f 

P
o

w
er

 

S
ys

te
m

(2
)-

4
)

E
n

h
a

n
ce

m
e

n
t 

o
f 

th
e

 
E

xi
st

in
y

 G
T

G
 P

la
n

t 

(2
)-

5
)

P
o

w
e

r 
S

ys
te

m
 A

n
a

ly
si

s 
w

ith
 C

a
p

a
ci

ty
 

E
n

h
a

n
ce

m
e

n
t

(2
)-

6
)

S
tu

d
y 

o
n

 n
e

ce
ss

a
ry

F
a

ci
lit

ie
s 

fo
r 

E
n

h
a

n
ce

m
e

n
t 

o
f 

T
/L

, 
D

/L
, 

a
n

d
 S

/S

(2
)-

7
)

S
tu

d
y 

o
n

 I
n

st
a

lle
d

 
F

a
ci

lit
ie

s 
a

n
d

 
Im

p
le

m
e

n
ta

tio
n

 S
ch

e
d

u
le

(2
)-

8
)

F
u

e
l S

u
p

p
ly

 P
la

n

(2
)-

9
)

S
tu

d
y 

o
n

 O
ry

a
n

iz
a

tio
n

 f
o

r 
O

p
e

ra
tio

n
 a

n
d

 
M

a
in

te
n

a
n

ce

(2
)-

1
0

)

E
xp

e
rie

n
ce

 o
f 

O
p

e
ra

tio
n

 a
n

d
 M

a
in

te
n

an
ce

 
a

n
d

 E
va

lu
a

tio
n

 o
f 

T
e

ch
n

ic
a

l A
ss

is
ta

n
ce

 
N

e
e

d
s

(2
)-

1
1

)

C
le

a
ra

n
ce

 a
n

d
 P

e
rm

is
si

o
n

 

(2
)-

1
2

)

M
o

n
ito

rin
y

Im
p

le
m

e
n

ta
tio

n
 S

ta
tu

s 
o

f 
E

n
vi

ro
n

m
e

n
ta

l N
o

rm
s 

a
n

d
 E

n
vi

ro
n

m
e

n
ta

l a
n

d 
S

o
ci

a
l C

o
n

si
d

e
ra

tio
n

 b
 M

ya
n

m
a

r 
S

id
e

(1
) 

P
re

p
a

ra
ti

o
n

 a
n

d
D

is
cu

s
s

io
n

 o
n

 

In
c

e
p

ti
o

n
 R

e
p

o
rt

(3
) 

P
re

p
a

ra
ti

o
n

 a
n

d
 D

is
cu

s
s

io
n

 

o
n

 D
ra

ft
 F

in
a

l 
R

e
p

o
rt

(4
) 

P
re

p
a

ra
ti

o
n

 o
f 

F
in

a
l 

R
e

p
o

rt

(2
) 

R
e

c
o

g
n

it
io

n
 o

f 
 C

u
rr

e
n

t 
  

   
  

   
  

C
o

n
d

iti
o

n
 o

f 
P

o
w

e
r 

S
u

p
p

ly
 a

n
d

 I
d

en
ti

fi
c

a
ti

o
n

 o
f 

P
ro

b
le

m
s

(2
)-

2
)-

1

P
o

lic
y 

o
f 

R
e

in
fo

rc
e

m
e

n
t 

o
f 

P
o

w
e

r
S

u
p

p
ly

(2
)-

2
)-

2

V
ia

b
ilit

y 
o

f
p

o
lic

y 
a

n
d

 E
xp

e
ct

e
d

 
P

ro
je

ct
's

 B
e

n
e

fit

ConceptualDesignof 

CapacityEnhancement

1
s

t 
S

ta
g

e
:

C
o

n
fi

rm
a

ti
o

n
 o

f 
C

u
rr

e
n

t 
S

it
u

a
ti

o
n

 a
n

d
 

Id
e

n
ti

fi
c

a
ti

o
n

 o
f 

P
ro

b
le

m
s

Determination for  
Required Action

2
n

d
 S

ta
g

e
:

C
o

n
c

e
p

tu
a

l 
D

e
s

ig
n

3
rd

 S
ta

g
e

:

P
re

p
a

ra
ti

o
n

 o
f 

F
in

a
l 

R
e

p
o

rt
 a

n
d

 
D

is
c

u
s

s
io

n



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  19 January 2018 

2.2.2 Stude Team Members 

The JICA Study Team consists of the following eight members: 

� TANAKA Yukao (Mr.), Team Leader / Planning for Thermal Power Plant (I) / Power System 

Analysis 

� SHIOTSUKA Naoyuki (Mr.), Deputy Team Leader / Planning for Thermal Power Plant (II) (Until 

August 31, 2017) 

� OGAWA Ryosuke (Mr.), Deputy Team Leader / Planning for Thermal Power Plant (II) (From 

September 11, 2017) 

� KOBAYASHI Masanori (Mr.), Thermal Power Engineering 

� SHIMIZU Akira (Mr.), Transmission and Substation Engineer 

� AZEGAMI Naoya (Mr.), Financial and Economic Analysis 

� HIEDA Syunsuke (Mr.), Environmental and Social Analysis (I) 

� Ei Ei Mon (Ms.), Environmental and Social Analysis (II) 

2.3 Study Schedule 

The schedule of this study and milestone are shown below. 

� Contract Duration:     August 18, 2017 to February 16, 2018 

� Submission of Inception Report to JICA:   August 18, 2017 

� First Site Study:      August 21 to September 2, 2017 

� Submission of Draft Final Report (Tentative Ver.) to JICA:  September 14, 2017 

� Second Site Study:     September 18 to October 14, 2017 

� Submission of Draft Final Report to JICA:   End of September 2017 

� Submission of Final Report to JICA:    January 30, 2018 
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Chapter 3 Project Plan and Technical Feaiibility 

3.1 General 

As shown in the current situation in Chapter 2, more power supply is needed in Myanmar. 

Both projects can generate additional power by utilizing their own resources (unused heat and idle unit). 

Add-on (installation of heat recovery steam generator (HRSG) and steam turbine (ST)) itself does not 

require any additional gas to generate power since exhausted heat from existing gas turbine (GT) is 

utilized for steam turbine (ST). Therefore, combined cycle through add-on is highly recommended as a 

viable project. 

Relocation project from Ywama is also recommended since the unit is not so old and the Electric Power 

Generation Enterprise (EPGE) has a plant to utilize the land after relocation from Ywama. The cost of 

the relocation and rehabilitation of the idle unit is lower than the cost of a new unit. 

3.2 General Policy of the Government of Myanmar on the Project 

As mentioned in Chapter 1.2, EPGE, which has the responsibility for the operation of power plants 

owned by the government, is the appropriate organization for project implementation since Thilawa 

Power Plant is one of the government-owned plants and additional facility will be installed at the 

Thilawa Power Plant in this project. 

Therefore, the Ministry of Electricity and Energy (MOEE), which is the line ministry for EPGE, is the 

appropriate ministry to be the responsible organization of this project. 

3.3 Study Itemi for Project Implementation 

3.3.1 Demand Forecast and Power Development Plan 

Forecast of Power Demand 

The future power demand is estimated for two scenarios, namely, low scenario and high scenario, 

depending on the growth rate of electricity demand. The growth rates of high and low scenarios are 12% 

and 9%, respectively. The power demand projection in Myanmar until 2030 is shown in Figure 3.3.1-

1. 
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Source: “Power Development Opportunities in Myanmar” EPGE, 2017 

Figure 3.3.1-1  Peak Power Demand Forecait until 2030 

As shown in the figure, the highest peak power demand of 3,075 MW was recorded in May 2017. The 

peak power demands in 2020 and 2030 for the high scenario are 4,531 MW and 14,542 MW, respectively. 

And those for the low scenario are 3,862 MW and 9,100 MW, respectively. 

Even for the low scenario case, more power development is required in Myanmar to meet the growing 

demand. 

Power Development Plan 

To catch up with the rapidly growing demand, there are lots of power development plans by both the 

government and independent power producers (IPPs).  

The sources of energy for new plants are large hydro, gas, and coal thermal. Myanmar has huge hydro 

potential in the northern part and power generation at low cost is expected. However, the lead time to 

develop large hydro is quite long and environmental/social impact is also large.  

The production of gas will be reduced so imported gas will be mainly utilized for new gas power plant; 

therefore, the generation cost will be higher than that of hydro. 

Myanmar has coal resources; however, the construction of coal thermal plants is difficult due to the 

opposition of the local residents since it is believed that the environmental issues of emission are harmful.  

Each power source has advantage and disadvantage. Recently (2017), however, several high officials of 

the government suggest the most possible option. 

Table 3.3.3-1, Table 3.3.3-2, and Table 3.3.3-3 show the lists of planned and under construction hydro, 

gas, and coal thermal plants, respectively. 
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Table 3.3.3-1  Planned and Under Conitruction Hydropower Planti 

 
Source: Prepared ey Nippon Koei Co., Ltd. using Materials of METI, DEPP, EPGE  

Table 3.3.3-2  Planned Gai Fired Power Planti 

 
Source: Prepared ey Nippon Koei Co., Ltd. using Materials of METI, DEPP, EPGE  

Under Construction Planned Project (2)

1 Upper Nanhtwan EPGE 2020/2021 3 23 Gawlan IPP 100/50

2 Thahtay EPGE 2020/2021 111 24 WuZhongze IPP 60/30

3 Upper Keng Tawn EPGE 2020/2021 51 25 Lawngdin IPP 435/217

4 Upper Yeywa EPGE 2020/2021 280 26 HkanKawn IPP 140/70

5 Shweli-3 EPGE 2020/2021 1,050 27 Tongxingjao IPP 320/160

Total EPGE 1,495 28 Kunlong IPP 1400/700

6 Upper Baluchaung EPGE/IPP 2020/2021 30 29 Ywathit(Thanlwin) IPP 4000/2000

7 DeeDoke IPP 2020/2021 66 30 Hutgyi IPP 1360/680

8 Middle Paunglaung IPP 2020/2021 100 31 Mongton(Tasang) IPP 7110/3555

Total IPP 196 32 Naopha IPP 1000/500

Total Under Construction 1,692 33 Mantong IPP 200/100

Planned Project (1) 34 Lemro-2 IPP 90/45

9 Bawgata EPGE 160 35 KengTong IPP 96/48

10 MiddleYeywa IPP 175 36 WanTaPin IPP 25/13

11 UpperBu EPGE 150 37 Solue IPP 165/82

12 Manipur IPP 380 38 MongWa IPP 50/25

13 Saingdin IPP 76 39 KengYang IPP 28/14

14 Laymro IPP 500 40 HeKou IPP 88/44

15 Shweli-2 IPP 520/260 41 NamKha IPP 200/100

16 Dapein-2 IPP 168/84 42 NamTamhpak(Kachin) IPP 200/100

17 Chipwi IPP 3400/1700 43 NamTamhpak(Kayah) IPP 180/90

18 Laza IPP 1900/950 44 HtuKyan IPP 105/53

19 Wutsok IPP 1800/900 45 HsengNa IPP 45/23

20 Pisa IPP 2000/1000 46 ThaHkwa IPP 150/75

21 Kaunglanghpu IPP 2700/1350 47 Palaung IPP 105/52

22 Yenam IPP 1200/600 48 Bawlake IPP 180/90

Total Planned Projects 17201/32961

No. Plant Owner COD(year) CapacityNo. Plant Owner COD(year) Capacity

MW/Unit No MW

Yangon

Hlawga GT 33 3 154 1996

Hlaingtharyar GTCC 400

Thaketa 25

Total EPGE 579

Marubeni /PTT/EDEN Thanlyin GTCC 130 2 400 2019

Hydro‐lancang Hlawga GTCC 486

BKB Thaketa GTCC 503

GTCC 106 2018

GTCC 400 2nd phase

Daewoo + MCM Shwedaung 70

NIHC Yangon 300

Karpower Yangon 300

Total IPP 2,565

Total Yangon 3,144

Local

40 2

26 1

Kyaukphyu GTCC 50

Pahtoelone GE 12

Total EPGE 168

APU Kanbauk GTCC 200 2019

GT 72 2

ST 82 1

Total IPP 425

Total Local 593

Total EPGE 747

Total IPP 2,990

Total EPGE + IPP 3,737

EPGE

EPGE

UREC Thaketa

RemarksCODLocation Owner Plant Type
Installed Capacity

Sembcorp

2018

Myingyan 225 Under construction

Thatone 106 Under constructionGT

2018
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Table 3.3.3-3  Planned Coal Thermal Power Planti 

 
Source: EPGE 

3.3.2 Evaluation and Selection of the Options for the Project 

The following options are compared and evaluated in terms of 1) technical, 2) financial and economic, 

and 3) environmental and social aspects: 

JV/BOT Basis

1 Kengtong Shan 660 MOA

2 Ye (Andin) Mon 1,280 MOA

3 Rammazu Tanintharyi 500 MOA

4 Kalaywa Sagaing 540 MOA

5 Kyauktan Yangon 600 MOA

6 Ngayokekaung Ayeryarwaddy 540 MOA

7 Tanintharyi (Myeik) Tanintharyi 1,800 MOU

8 Tanintharyi (Myitwa) Tanintharyi (Myeik) 2,640 MOU

9 Ayeyarwaddy (Ngaputaw) Ayeryarwaddy 600 MOU

10 Yangon (Thilawa) Yangon 315 MOU

Total JV/BOT Basis 9,475

BOT Basis

1 Yangon (Kungyangone) Yangon 300 MOU

2 Myeik (Thanphyoethu) Tanintharyi 50 MOU

Total BOT Basis 350

Total Coal 9,825

No. Project Location MW Remarks
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Table 3.3.2-1  Optioni for Compariion 

 Option 1 Option 2 Option 3 Option 4 

Characteriitici 

Combined cecle of 

the existing 2 GTs 

Relocate and 

rehabilitate 1 GT and 

1 ST from Ywama 

1. Relocate and 

rehabilitate GT from 

Ywama 

2. Combined cecle of 3 

GTs 

Option 1 + Option 2 

Compoiition of Plant 

(GT:G:STG) 

2:2:1 2:2 (Existing) 

1:1:1 

3:3:1 2:2:1 

1:1:1: 

Additional Capacity 

(MW) 

25(ST) 23.2(GT)+9.0(ST) 23.2(GT)+36.6(ST) 25(ST) 

+23.2(GT)+9.0(ST) 

Total Capacity (MW) 75 (50+25) 82.2 (50+32.2) 109.8 (50+59.8) 107.2 (50+57.2) 

Eitimated water 

coniumption 

(ton/hour) 

250 (ACC) 

3,340 (WCC) 

83 (ACC) 

1,104 (WCC) 

375 (ACC) 

5,010 (WCC) 

333 (ACC) 

4,444 (WCC) 

EPC coit (Million 

USD) 

This amount is not 

puelished at this 

puelic edition of the 

report. 

This amount is not 

puelished at this 

puelic edition of the 

report. 

Less than Option 4 This amount is not 

puelished at this 

puelic edition of the 

report. 

Environment (air) Emission gas from 

existing 2 GTs can 

comple with target 

level. 

It is necessare to 

check whether the 

rehabilitation of 1 GT 

and ST from Ywama 

can comple with the 

target level for 

emission or not. 

Same as the left 

information 

Same as the left 

information 

Environment (water 

uie and ground 

iubiidence) 

Difficult to take 

groundwater due to 

shortage of 

groundwater 

resource and 

avoidance of ground 

subsidence. 

Necessare to take 

surface water. 

Same as the left 

information 

Same as the left 

information 

Same as the left 

information 

Social No resettlement, 

acquisition, and 

income restoration 

No resettlement, 

acquisition, and 

income restoration 

No resettlement, 

acquisition. Income 

restoration mae be 

required (but onle one 

or two households). 

No resettlement, 

acquisition. Income 

restoration mae be 

required (but onle 

one or two 

households). 

Conitruction period 24-30 months 19 months (36 months) 30 months 

Source: Prepared ey the JICA Study Team 

1) Comparison and evaluation of the options from technical viewpoint 

Effective use of the site 

It is important to maximize the utilization of the site space of Thilawa Power Station and to increase 

power generation output. It is difficult from the viewpoint of space to configure the existing 2 GT + 1 

ST as combined cycle (CC) to achieve No. 1 series (75 MW), and make the same 2 GT + 1 ST CC as 

No. 2 series (75 MW) to make a total of 150 MW power plant. Therefore, Option 3 and Option 4 are the 

best from the viewpoint of maximum utilization of land. 
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Construction period 

The recommended construction period for Option 4 is 30 months (Thilawa Add-on) and 19 months 

(Ywama Relocation) respectively. The assumed construction period for Option 3 is 36 months. 

Risks due to procedure of construction 

When building existing GT Add-on and constructing Ywama Relocation in parallel at the same time, 

Ywama Relocation may have a situation that affects the entire process after releasing the equipment. 

Therefore, choosing Option 4 is recommended from the viewpoint of avoiding delays in construction of 

GT Add-on as separate projects. 

Risk concerning the combination of the new GT and old GT (task of performance guarantee) 

While the GT of the Thilawa Power Plant is less than two years old, it has already been 17 years since 

the GT at Ywama Power Station was manufactured (in 2004). In the combined cycle that combines the 

old and the new GT, it will take time to discuss the performance guarantee required by the manufacturer. 

When Option 3 and Option 4 are compared, it is better to combine it as a combined cycle and to make 

each single combined cycle as a simple system. Therefore, it can be said that the system of Option 4 can 

be simpler than that of Option 3. 

Source of cooling water 

At present, there is no water supply at Thilawa Power Station, so water injection for NOx reduction of 

GT is not done. Even if the output of the Thilawa Power Plant is to be enhanced in the future, supply of 

water will be an important issue. Therefore, when comparing the air cooling system (ACC) and the 

water cooling system (WCC), selecting an ACC with an amount of make-up water smaller by one digit 

reduces the risk of water supply. 

As a supplier of cooling water, it is conceivable to divide the water of Rugunbin from the Myanmar 

Japan Thilawa Development Limited (MJTD), a method to purify and use the water of Yangon River, 

etc. These arrangements will be under the control of EPGE. It is important to promote EPGE work in 

consideration of negotiations with related parties and the time required for the Thilawa Power Plant. 

Conclusion from technical viewpoint 

From the above consideration, it is considered that the selection of Option 4 is the most suitable. In other 

words, GT of Thilawa Power Plant and GT of Ywama Power Plant have a different combined cycle, and 

it is considered that the plan to adopt ACC for cooler is appropriate. 

2) Comparison and evaluation of the options from financial and economic viewpoints 

Financial and economic analysis is intended to compare the financial and economic benefit of the above 

options by calculating the financial internal rate of return (FIRR) and economic internal rate of return 

(EIRR) based on the tentative engineering, procurement and construction (EPC) cost. 

Estimated electricity generated 

Electricity generated by each option is estimated in Table 3.3.2-3. 
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Table 3.3.2-3  Eitimation of Electricity Generation 

Option 1 175.2 GWh (25 MW x 8,760 hours/eear x 80%) 

Option 2 225.7 GWh (32.2 MW x 8,760 hours/eear x 80%) 

Option 3 419.1 GWh (59.8 MW x 8,760 hours/eear x 80%) 

Option 4 400.9 GWh (Option 1 + Option 2) 

Source: Prepared ey the JICA Study Team 

FIRR and EIRR 

FIRR of Option 1 is higher than Option 2. This difference between Option 1 and 2 is influenced by the 

fact that the additional cost of gas is not incurred in Option 1 but incurred in Option 2 (and Option 3 and 

4). Option 3 has the highest FIRR among the options. 

Table 3.3.2-4  FIhh 

This taele is not puelished at this puelic edition of the report. 

 Option 1 Option 2 Option 3 Option 4 

FIhh     

Source: Prepared ey the JICA Study Team 

The EIRR of each option shows similar figure. Unlike the result of FIRR, the EIRR of Option 2 is 

slightly higher than that of the other options. This may be due to the fact that the construction of Option 

2 is shorter than the other options and the significant amount of economic benefit is achieved one year 

earlier than in the other options. 

Table 3.3.2-5  EIhh 

This taele is not puelished at this puelic edition of the report. 

 Option 1 Option 2 Option 3 Option 4 

EIhh     

Source: Prepared ey the JICA Study Team 

3) Selection of the option for the Project 

Based on the evaluation of the four options from technical, financial, and economic points of view, 

Option 4 is selected for further study for the planning, specification and implementation of the Project.  

Reasons for selection from the technical viewpoint 

The analysis from technical viewpoint puts a priority on 1) the maximum utilization of the land of 

Thilawa Power Station and 2) the strengthening of generation capacity. 

Therefore, Option 4 is the best from the viewpoint of maximum utilization of land. To strengthen the 

generation capacity as quickly as possible, the relocation of the gas turbine and steam turbine from 

Ywama Power Station should be started first as its construction period is shorter. Then, the rehabilitation 

of the gas turbine and steam turbine, and the installation of HRSG and ACC will follow. In line with the 

rehabilitation work, the construction for the combined cycle of the existing two gas turbine units at 

Thilawa should also be started. 

Reasons for selection from the financial and economic viewpoints  

Option 2 alone seems to be less attractive as an investment project from a financial point of view. The 

result is due to the fact that the incremental cost of gas is incurred in the case of Option 2, while Option 

2 does not benefit from the higher efficiency of generation, which can be brought about by introducing 

the combined cycle to all of the GTs at Thilawa. 
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Option 3 and 4 are mutually exclusive options. If FIRR of these two options are compared, that of Option 

3 is higher than that of Option 4. However, considering a serious technical risk inherent to Option 3, 

Option 4 is recommended. 

3.3.3 Placement of the Power Plant after Implementation of the Project 

In Myanmar, power is generated at the hydropower plants in the northern part of Myanmar and at the 

thermal power plants mostly near Yangon, where much electricity is consumed. 

Power generation near the place where much electricity is consumed is reasonable to reduce 

transmission loss and also good for the stability of electricity supply. 

Thilawa Power Plant is located in Thilawa SEZ area, which is a development area under Japanese 

assistance and also not far from Yangon. 

After implementation of the Project, Thilawa Power Plant will still be one of the important power plants 

to supply electricity to Thilawa SEZ area and Yangon area. As a result, the plant will drive the industry 

through stable power supply for the SEZ area. 

3.3.4 Plan for Fuel Supple  

In case of option including “Add-on” (additional steam turbine), no additional gas is needed. In case of 

option including “Relocation from Ywama”, additional gas for 24 MW unit is required. 

Domestic gas production in Myanmar will be decreasing because of the available volume of resources. 

Even under such situation, gas supply to the plant will be secured by Myanmar Oil and Gas Enterprise 

(MOGE) and EPGE due to the following reasons: 

� Gas for Thilawa Power Plant is currently supplied by 20 inch diameter gas pipeline. The capacity 

of pipeline is more than enough to supply gas for the plant even if options that need more gas are 

realized (relocation of idle unit from Ywama Power Plant). 

� MOGE commented that compared with the whole supply of gas to EPGE, the required gas for the 

24 MW unit is very small. Total amount of supply of gas is determined between MOGE and EPGE; 

however, EPGE will decide the allocation of gas to each power plant. Compared with 319.8 

mmscfd (million standard cubic feet per day) which is the total gas requirement for all EPGE gas 

plants, the requirement for the 24 MW unit, expected at around 9 mmscfd only, is a very small 

volume. 

� For more efficient operation, new plant with better efficiency will have the priority for gas supply. 

EPGE still has several aging units. Gas supply for such unit will be reduced and newer unit will 

receive gas within the total allocation to EPGE. 

3.3.5 Selection of Equipment 

Each option was examined in Section 3.3.2 and Option 4 is recommended as a result. In this section, the 

equipment for Option 4 will be selected. Option 4 is Thilawa Add-on Plan and Ywama Relocation Plan 

on the current site, and the schematic layout is as follows. The red shaded area is Thilawa Add-on Plan 

and the hatched blue area is Ywama Relocation Plan area. The outline plan of each plan and the cooling 

system of the condenser will be described below. 
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Source: Prepared ey the JICA Study Team 

Figure 3.3.5-1  General Plant Layout  

1) Thilawa Add-on Combined Cycle 

In the case of the Thilawa Add-on Plan, the work involves the removal of the existing GT exhaust tower, 

installing HRSG, and moving the existing GT exhaust tower to its back. At the position of the existing 

GT exhaust tower, a diverter damper and an exhaust tower will be newly installed. 

The steam generated by the two HRSGs is merged and sent to the newly established steam turbine via 

the rack. Cooling water is required to make the exhaust of the steam turbine ascites, but this cooling 

water adopts the air cooling system. (Details of the cooling method selection will be described later.) 

The air cooling tower occupies a large space at the bottom of the layout. 

In addition, although water supply tank, water treatment device, and an electric room are installed behind 

the exhaust tower (on the left side of the layout), a comprehensive layout plan including Ywama 

Relocation is necessary. Similarly, it is necessary to consider air cooling coolers and the like installed at 

the bottom of the layout. 
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Source: Prepared ey the JICA Study Team 

Figure 3.3.5-2  General Plant Layout for Thilawa Add-on 

From the HRSG installed by combined cycle, there is a plan to extract high pressure steam and low 

pressure steam and send it to the steam turbine. A typical heat balance in this case is shown below. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.3.5-3  Typical Heat Balance of Thilawa Power Plant 
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2) Ywama Relocation Combined Cycle 

This project will relocate the gas turbine package and the steam turbine currently installed at Ywama 

Power Station to Thilawa Power Station and repair it.  

The current layout of Ywama Power Station is as follows. Since the cooling tower is made of concrete, 

it is discarded and a new air cooling cooler is newly established. Since the transformer for the steam 

turbine generator was diverted to what was over 40 years ago, this is also newly established. The HRSG 

will also establish this to avoid the risk of renovation use. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.3.5-4  Exiiting Layout of Gai Turbine and Steam Turbine Generating Facilitiei of Ywama 
Power Station 

The layout when moving from Ywama to Thilawa is planned as follows. However, as Thilawa's existing 

power generation facilities are combined at the same time, it is necessary to adjust the layout plan. 
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Source: Prepared ey the JICA Study Team 

Figure 3.3.5-5  General Plant Layout for Ywama helocation to Thilawa 

There is basically no change in the line when relocating from Ywama to Thilawa. It can be said that 

changing the cooling system of the condenser from the cooling tower system to the air cooling system 

is a major change. The following is a typical Ywama system diagram: 

 
Source: Prepared ey the JICA Study Team from As Built Drawing 

Figure 3.3.5-6  Heat Balance Diagram (Natural Gai, 30 ºC) of Ywama Power Plant 

3) Consideration of Cooling Method 

There are four considerable options for the cooling method for this project. Each has advantage and 

disadvantage, e.g., cost, efficiency, necessary land for piping and/or sedimentation basin, and operation 

and maintenance (O&M). 

Ultimately, it is recommended to select an air-cooled cooling system with a small amount of makeup 

water for cooling water. Figure 3.3.5-7, Figure 3.3.5-8, Figure 3.3.5-9, and Figure 3.3.5-10 show the 

cooling methods. 
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Air Cooled Condensers 

Purified water is needed for supplemental water. 

Steam Turbine

Cooling Tower

P

TK

to HRSG

from HRSG

 
Source: Prepared ey the JICA Study Team 

Figure 3.3.5-7  Air Cooled Condenieri 

Water Cooled Condensers (WCC) by Purified Water 

Huge amount of water supply is needed. 

Steam Turbine

Condenser Cooling Tower

P

from HRSG

to HRSG

to atomosphere

from Cite Water

 
Source: Prepared ey the JICA Study Team 

Figure 3.3.5-8  Water Cooled Condenieri (WCC) by Purified Water 

Water Cooled Condensers (WCC) by Water from Yangon River 

Chemical treatment facility and screening pool are needed. 
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Steam Turbine

Condenser Cooling Tower

P

from HRSG

to HRSG

P

Chemical

Treatment

Screening Pool

River Water

to atomosphere

 
Source: Prepared ey the JICA Study Team 

Figure 3.3.5-9  Water Cooled Condenieri (WCC) by Water from Yangon hiver 

Water Cooled Condensers Cooled by Water Directly from Yangon River 

Steam Turbine

Condenser

from HRSG

to HRSG

P

River Water  
Source: Prepared ey the JICA Study Team 
Figure 3.3.5-10  Water Cooled Condenieri Cooled by Water Directly from Yangon hiver 

Table 3.3.5-1 shows summarizes the amount of cooling water required. Table 3.3.5-2 shows 

summarizing the possible sources of water. Table 3.3.5-3 shows a comparison of the features of ACC 

and WCC. 
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Table 3.3.5-1  hequired Water Amount for Thilawa Power Station 

 
Source: Prepared ey the JICA Study Team 

Intended use
Required

Water
( ton/day )

Candidate
for  water
sourc e

Remark s
Maximum

Case
Minimum

Case

722
Zarmani-Inn
Reservoir

*1

1,083
Rugunbin
Reservoir

*2 1,083 1,083

2 Fire Fighting System 6
Zarmani-Inn
Reservoir

6 6

3
Compressor
Water Wash

0.03
Zarmani-Inn
Reservoir

0.03 0.03

for 2 units of GT
and one ST

250
Rugunbin
Reservoir

*3

for 3 units of GT
and 2 units of ST

340
Rugunbin
Reservoir

*3

for 3 units of GT
and one ST *5

375
Rugunbin
Reservoir

*3 375

for 2 units of GT
and one ST

3,340 Yangon River? *3

for 3 units of GT
and 2 units of ST

4,545 Yangon River? *3

for 3 units of GT
and one ST *5

5,010 Yangon River? *3 5,010

5 Accommodation 228
Zarmani-Inn
Reservoir

*4 228 228

*1:   In accordance with Sumitomo letter No. L-TLW=TKY=00019 dated April 23, 2017.
*2:  Calculated based on the above data.
*3:  Estimation
*4:  40 [gallon/day] (= 182[Litter/day]) for a person in accordance with the Design Standard of
      CP48 (Cord of Practice) of Singapore
*5:  One unit of GT from Ywama.
※R efer ence:
In accordance with Nippon Koei Letter MMTHEL-287/2017 dated June 29, 2017.
In accordance with Nippon Koei Letter MMTHEL-294/2017 dated July 13, 2017.
In accordance with Nippon Koei Letter MMTHEL-301/2017 dated August 18, 2017.

Cas e

for 2 units of GT's

for 3 units of GT's   *5

6,327 1,692

250 family unit = 1,250 person
182L/day * 240person = 43.68 ton/day

Air Cooled Condenser
(ACC)

Water Cooled Condenser
(WCC)

1

4

Injection water
for GT

Cooling Water for
Combined Cycle

2 times of normal capacity of Raw Water Tank

The number of times of Compressor Water
Washing is recommended as one(1) time per month.
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Table 3.3.5-2  Examination of Water Source for Thilawa Power Station 

  
Source: Prepared ey the JICA Study Team 

Table 3.3.5-3  Compariion of Cooling Methodi 

 
Source: Prepared ey the JICA Study Team 

Plan Item Contenti Location
Supplable

amount

Supplable

time

Supply

negotiation

deitination

Capital

inveitment

content

Evaluation

Plan A
Rugunbin

Reservoir

Construction of reservoir

w ith Japanese ODA. 100

thousand tons / dae at the

end of 2018, and 320,000

tons / dae at the end of 2019

(scheduled to be supplied in

total of 420,000 tons / dae.

Ultimatele,

420,000

tons / dae in

the ODA

Project as a

w hole

End of 2018

- End of

2019

1) Thilaw a SEZ

Management

Committee (TSMC）
2) Meanmar Japan

Thilaw a

Development

(MJTD)

Pipe line from the

connecting point

w ith Thilaw a SEZ

to Pow er Station.

◎

Plan B
Ban Bw e Gon

Reservoir

Reservoir built for irrigation

around the Keauk Tan

Tow nship area in 1994. The

2014 eear JICA Report has

surplus w ater of 1,400 tons /

dae. * There is a possibilite of

suppleing 766ton / dae for GT

W / I.

There is

surplus of

1,400 ton /

dae as a

w hole.

1994 ~

It is necessare to

negotiate w ith the

relevant authorities.

Construction of

w ater pipeline from

the terminal point

w ith Ban Bw e Gon

Reservoir is

required.

〇

Plan C

Zarmani-Inn

Reservoir

& Thilaw a

Reservoir

TSMC and MJTD use all of  the

w ater from these reservoirs,

so there is no surplus w ater.

1) Thilaw a SEZ

Management

Committee (TSMC）
2) Meanmar Japan

Thilaw a

Development

(MJTD)

△

Plan D Yangon River

Since the Yangon River is on

the w est side of the pow er

plant, it is used for cooling

w ater. (W / I and drinking

w ater for GT are B and A

above.)

West 1.5 km

w est of the

pow er plant

It is necessare to

negotiate w ith the

relevant authorities.

Conduit pipe and

circulating w ater

pump from the

intake of Yangon

river to pow er

plant. (Heat

exchangers mae be

necessare in some

cases.)

×

* Reference material: In accordance w ith Nippon Koei Letter MMTHEL-287/2017 dated June 29, 2017.

Air Cooled Condenser

(ACC)

Water Cooled Condenser

(WCC)

1 Required amount of w ater Few Mane

2 Area required for installation Mane Few

3 Equipment cost Mane Medium

4 On-site construction cost Few Mane

5 Maintenance and inspection cost Few Mane

6 Impact on pow er generation eff icience Mane Few

(When it is diff icult to obtain w ater)

Comprehensive evaluation
Good No Good
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4) Common Subject Matter 

The common problem concerning the Thilawa Power Station's combined cycle and the project of 

relocating and repairing combined cycle power generation equipment from Ywama Power Station is the 

most important issue for the cooling water problem discussed above.  

Since two separate projects will proceed at the same time, it is important that sufficient coordination is 

made between the projects. 

Also, since it is the responsibility of EPGE to make announcement of cooling water, secure gas fuel, 

and secure electricity transmission network, it is also important to advance the project after clarifying 

the terms of cooperation between each project. 

3.4 Overview of the Project Planning 

Option 4 was selected from among the four options in “3.3.2 Evaluation and Selection of the Options 

for the Project”. Option 4 is a combination of Option 1 and Option 2, a project to combine the existing 

GTs of the Thilawa Power Station into a combined cycle and the combined cycle power generation 

facility of the Ywama Power Station will be relocated to the Thilawa Power Station, and the damaged 

GT will be refurbished. The contents of these two projects are described below. 

3.4.1 Whole Modification Plan of Generation Facilite  

Option 4 will implement the two projects of Thilawa Add-on and Ywama Relocation almost at the same 

time. The situation of the Thilawa Power Plant where these two projects are implemented is shown in 

Figure 3.3.5-1 and Figure 3.4.2-1.  

HRSG, steam turbine, and air-cooled condenser in the area will be installed where the existing gas 

turbine is installed. 

In the area on the south side, there is a plan to place a new set of combined cycle equipment relocated 

from Ywama. 

When the projects are decided, mutual coordination between these two projects is necessary. The outline 

of the plan for each project at the present time is described below. 

Thilawa Add-on Project 

The existing two gas turbines currently operate in a simple cycle. In order to convert this into a combined 

cycle, the existing exhaust tower is temporarily removed, a bypass damper and a bypass stack are newly 

established, and then HRSG is installed. The temporarily removed exhaust tower is moved to the latter 

stage of HRSG. 

High pressure steam and low pressure steam generated from HRSG are drawn to the south side of the 

site and sent to the steam turbine. The steam that worked in the steam turbine is cooled by the air cooling 

condenser. The ascites circulate through the steam system. 

The water treatment facility to secure the makeup water necessary for operation of the steam turbine is 

planned to be installed on the west side of the exhaust tower, but by being consistent with the plan of 

Ywama Relocation, it is possible to make effective use of the site. 
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Ywama Relocation Project 

Currently, the combined cycle power generation facility installed at Ywama Power Plant consists of one 

gas turbine and one steam turbine. 

Other mechanical equipment is HRSG, condenser, and cooling tower (made of concrete). The gas 

turbine is currently stopped due to the gas turbine damage that occurred on April 19, 2014. 

The main equipment to be relocated are gas turbine, steam turbine, condenser, and control equipment 

set. As for HRSG, there is a concern about deterioration of tubes during the stoppage period of three and 

a half years, so it is a new plan. 

Also, since the transformer for the steam turbine was not newly constructed from the beginning but was 

second hand, it is newly established this time. It is planned to dispose the concrete cooling tower and 

install a new air cooler. 

3.4.2 Machinere Facilite Plan and Equipment Modification Work 

Regarding the machinery and equipment planning, the current state of the two facilities of Thilawa Add-

on and Ywama Relocation will be confirmed and the new project to be done will be outlined below. 

Thilawa Add-on Project 

The full view of the currently installed gas turbine is shown in Figure 3.4.2-1. It is planned to remove 

the exhaust tower in the photo and proceed with the installation of HRSG and others. 

 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.2-1  Full View of Gai Turbine in Thilawa Power Station 

The outline of the equipment of the mechanical (including some electrical) system scheduled to be 

supplied in this project is shown below. 
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Again, it is important to coordinate between the two projects regarding the layout. 

(1) Steam Turbine System 

� Steam Turbine 

Main Stop Valve, Control Valve, Turbine Protection Devices, Turbine Control Panel, Turning Gear, 

Exhaust Hood and Spray System, Set of Sole Plates and Anchor Bolts, etc. 

� Lube Oil System 

Lube Oil Tank, Lube Oil Pumps, Emergency Oil Pump, Lube Oil Cooler, Lube Oil Filters, Vapor 

Extractor Fan, etc. 

� Control Oil System 

� Gland Steam System 

Gland Steam Condenser, Gland Steam Exhauster, Steam Seal Regulator, Steam Seal Control Valve, 

etc. 

� Control System 

Electro-Hydraulic Control System, Set of Turbine Supervisory Instruments, etc. 

� Generator and Electrical Equipment 

Air Cooled Generator with Brushless Exciter, Set of Generator Air Coolers, Excitation Cubicle, 

Current Transformers for Generator, Line Side Cubicle, Generator Neutral Grounding Equipment 

(NGR Cubicle), Generator Protective Relay Panel, Generator Control Panel, Set of 11 kV Non-

Segregated Bus Duct between ST Generator and ST GSUT, etc. 

� Others for Steam Turbine 

(2) Heat Recovery Steam Generator System 

� HRSG Heat Generation Section 

HP Super Heaters, HP Evaporators, HP Economizers, LP Super Heater, LP Evaporators, 

Condensate Pre-Heater, etc. 

� Drum for HP and LP 

� HRSG Structural Steel 

� Blowdown System 

� Outlet Stack and Transition 

� Gas Turbine Exhaust System 

� Boiler Chemistry 

� Others for HRSG 

(3) Mechanical Balance of Plant 

� Main Steam System 

� Auxiliary Steam System 

� Condenser 

� Condensate System 

� Condenser Vacuum System 

� Feed Water System 

� Natural Gas System Common for All Gas Turbine Units 

� Closed Cooling Water System for Combined Cycle Equipment 
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� Plant Water System 

� Wastewater Treatment System 

� Fire Protection System 

� Compressed Air System 

� Inert Gas System 

� Ventilation and Air Conditioning System 

(4) Electrical Balance of Plant 

� 230 kV Substation 

� Transformers 

� MV Switchgear 

� Unit and Station Switchgear 

� Motor Control Center  

� DC Supply System 

� Uninterruptible Power Supply System 

� Black Start Diesel Generator 

� Lighting and Small Power 

� Cable 

� Raceway and Conduit Material 

� Grounding and Lighting System 

(5) Control System and Instruments 

� DCS System Hardware 

� Instrumentation and Control Devices 

� Continuous Emission Monitoring System (CEMS) 

Ywama Relocation Project 

The Ywama Power Plant is currently equipped with combined cycle power generation facilities 

consisting of GT x 1 unit, HRSG x 1 unit, and ST x 1 unit. 

These incidental facilities include a condenser, a water-cooled cooler (cooling tower made of RC), a 

feed water treatment facility, an electric facility, a control device, etc. The arrangement is shown in 

Figure 3.3.5-4. 

The status of the current facilities will be described below. 

(1) Gas Turbine  

� Type / H-25(28)  

� Output / 24 MW @ 30 ºC,  

� Manufacturer / MHPS in Japan,  

� Fuel / Dual Fuel Type (Natural Gas and Distillate Oil),  

� GT Firing Hours / 45,747 hours, 

Figure 3.4.2-2 shows the nameplate and internal situation of the gas turbine.  

The gas turbine is in a non-operating state due to the accident on April 14, 2014. 
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Currently, the parts considered to be damaged in the gas turbine are the 2-stage and 3-stage turbine 

bucket, 3-stage turbine nozzle, and 2-stage and 3-stage turbine shroud. These repairs are required. 

In addition to this, replacement of the gas turbine rotor is also necessary depending on the situation. 

  
Source: Prepared ey the JICA Study Team 

Figure 3.4.2-2  Photo of the Nameplate and Interior of the Gai Turbine in Ywama Power Station 

(2) Gas Turbine Intake System 

 The intake facility is installed at the top of the gas turbine package. 

There is a filter room on the frame, and the front has a stand for maintenance and a staircase for 

access. These placement situations are shown in Figure 3.4.2-3. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.2-3  Situation around the Gai Turbine in Ywama Power Station 

(3) Exhaust Duct and HRSG 

� Type / Single Pressure, Horizontal Gas Flow,  

� Pressure / 4.0 MPa, 

� Temperature / 469 ºC,  

� Manufacturer / Babcock –Hitachi KK (Japan), Manufactured in 2003 
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The exhaust duct of the gas turbine is sideways, and it is positioned against the HRSG by 90 degrees. 

HRSG plans to avoid the risk of renovation from the situation where maintenance has not been 

conducted since the suspension due to the accident on April 14, 2014, and to establish a new one. 

The Figure 3.4.2-4 shows the nameplate of the HRSG. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.2-4  HhSG Nameplate Photo in Ywama Power Station 

(4) Steam Turbine 

� Type / Single Casing Condensate  

� Output / 9.4 MW,  

� Pressure / 3.7 MPa,  

� Temperature / 466 ºC, 

� Manufacturer / Shin-Nippon Zoki in Japan, 

The steam turbine is installed outdoors, but the roof is hung. A condenser is installed behind the steam 

turbine, and condensate is taken out from the hot well in the lower part of the water chamber. 

The status of the steam turbine, generator, and condenser is shown in Figure 3.4.2-5. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.2-5  Picturei Around the Steam Turbine in Ywama Power Station 

(5) Wet Type Cooling Tower (Existing one is scrap)  

As shown in Figure 3.4.2-6, the existing cooling tower is made of RC and is not subject to relocation. 

In the future, it will be disposed of.  

Also, at the Thilawa Power Plant, a new air cooling cooler is prepared. 
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Source: Prepared ey the JICA Study Team 

Figure 3.4.2-6  Picturei of Exiiting Cooling Tower in Ywama Power Station 

The main work to be carried out in this project is shown below. Again, it is important to coordinate the 

layout between the two projects. 

� Uninstall, disassemble, if necessary, and prepare packing to transport 

� Transport from Ywama to Thilawa Power Station by barge and/or trailer 

� Reinstall and reassemble equipment 

� Replace damaged H-25 gas turbine unit’s hot gas components and rehabilitate degraded power 

output fuel consumption 

� Inspect major overhaul on gas turbine unit, generators, steam turbine and major BOP equipment 

� Inspect all equipment and system, rectify damaged equipment and system, and replace parts as 

required 

� Execute required civil and building works 

� Execute pre-commissioning, commissioning and performance acceptance testing of the CCGT 

plant 

� Functional guarantee for 12 months after taking over 

3.4.3 Electrical and Control Facilities 

The features of this plant are base load and load changing operation. To meet the features of this plant, 

the purpose of plant control is set for automatic start/stop operation of the plant, which aims: 

� To increase safety, reliability, and flexibility on start-up and shut-down. 

� To save operator’s manpower. 

3.4.3.1 Add-on System of Thilawa Power Station 

The requirements on the plant operation, control level, control location, etc. are as specified hereunder. 

Upon reaching the GT Ready to Start Condition, the GT Start Command shall be issued from the GT-

HMI station(s) located in the CCR or Supervisory Start Command from the DCS-HMI Station(s). 
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Thereafter, the GT control leads the GT from the bearing gear operation to loading of the GT through 

various startup activities/phases like Speed Up to Purging Speed, Purging Cycle, Speed Down to Firing 

Speed, Ignition, Heat Soaking, Speed Up toward FSNL, Disengaging Starting Device, Synchronization 

and Initial Loading, and Futher Loading up to Desired Level as per unit and/or block load demands. 

All necessary plant equipment/system – so as to achieve the plant readiness/GT Ready to Start Condition 

– shall be done from the DCS; the local control facilities for the system/equipment shall be provided 

with autonomous/proprietary control system and manual operation at field. 

With the GT, HRSG Running, and ST Ready to Start Conditions (including the ST exclusive conditions 

like ST No Trips, Lube Oil and Hydraulic Pressure OK, ST Generator Breaker Open, ST Reset, etc.) are 

achieved, the ST Start will be issued from the DCS to the ST Controller, Thereafter, the ST Controller 

leads the ST from steam admission up to loading of the ST through various startup phases/activities like 

Steam Admission, Heat Soaking, Speed Up to FSNL, Synchronization and Initial Loading, and further 

Loading Up to the Desired Level as per the block load demands. 

3.4.3.2 Relocated System from Ywama Power Station 

1. Extent of Plant Control 

The extent of the control is shown in the following. 

Plant Start of Gas Turbine and Steam Turbine, to target load 

When the plant will start up, the following initial conditions have been established: 

� Plant electrical system is in service. 

� All the system components are properly lined up and commissioned. 

� Cooling Water System is filled with water, and in service. 

� Auxiliary Cooling System is filled with water, and in service. 

� Compressed Air System is in service. 

� Lube Oil System and Control Oil System are in service. 

� Steam Turbine Turning System is in service. 

� Makeup Water System is in service. 

� Feed Water System is filled with water. 

� HRSG status is on pre-start. (Drum water level down, etc.) 

Plant Shut Down 

� From the load down of gas turbine and steam turbine, to the shutdown. (i.e., on turning operation) 

After gas turbine and steam turbine shutdown, the following operations are manually done: 

� HRSG status is on a normal shutdown (Drum water fill up, etc.) 

� Feed Water System shutdown 

� Makeup Water System shutdown 

� Steam and Gas Turbine turning stop 

� Lube Oil System and Control Oil System Shutdown 

� Cooling Water System shutdown 

� Auxiliary Cooling System shutdown 
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Normal Load Operation 

� Load control 

Emergency Plant Control 

� Emergency shutdown due to trouble which arises from the outside of the electrical system in this 

plant (33 kV system, 11 kV system, etc.) 

� Emergency shutdown due to main equipment trouble (GT, ST, HRSG, and electrical system trouble 

trip) 

� Emergency shutdown due to the internal trouble of GT (Load run-back) 

2. Out of Extent of Plant Control 

Operations beyond the extent of plant control are those that do not involve the start/stop of GT and ST, 

and which must be judged by the operator. 

� System lined up before plant start up (Valves for instruments) 

� Continuously operating equipment (Such as auxiliary cooling water system, vapor fans, chemical 

dosing system, main instrument and service air system, etc.) 

� Operation to perform the maintenance (Such as cooling down of HRSG or turbine, hydrogen 

supplying and purging system, nitrogen sealing system, chemical cleaning system, steam blowing 

out system, etc.) 

� No reliable sensor (Such as turbid water, etc.) 

� Troubleshooting and recovery operation for plant trouble 

� Operation to perform the maintenance (Such as cooling down of GT and ST, etc.) 

3. Plant Control 

The plant controls are as shown in Figure 3.4.3-1 and Figure 3.4.3-2. 
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Source: Prepared ey the JICA Study Team from the As-Built Drawings 

Figure 3.4.3-1  Plant Control Procedure for Start Up Operation 



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  47 January 2018 

 
Source: Prepared ey the JICA Study Team from the As-Built Drawings 

Figure 3.4.3-2  Plant Control Procedure for Shutdown Operation 
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3.4.3.3 Connection of Add-on System of Thilawa Power Station to the System 

The output voltage of the generators of the add-on steam turbine shall be 11 kV. Step-up transformer to 

33 kV with 30 MVA shall be installed. The secondary (33 kV) circuit of the transformer shall be 

connected to the 33 kV GIS double bus bar system stated in Section 3.4.3.5. The control equipment for 

the steam turbine and generator shall be installed in the new control building. 

3.4.3.4 Relocation of Ywama Power Station to the System 

The output voltage of both the generators of the gas turbine and steam turbine is 11 kV. Each output 

circuit of the generators shall be step up to 33 kV by separate step up transformers. 

The step-up transformer of 11/33 kV, 11 MVA for the steam turbine generator shall be relocated from 

Ywama Power Station, and one 11/33 kV transformer of 30 MVA for the gas turbine generator shall be 

newly provided because the existing transformer is aged. The secondary circuits of both the generators 

shall be connected to the 33 kV GIS double bus bar system stated in Section 3.4.3.5. 

The Figure 3.4.3-3 shows the layout of the existing control equipment of the gas turbine and steam 

turbine and their generators, which will be all relocated to the new control building in Thilawa Power 

Station. 

 
Source: Prepared ey the JICA Study Team from the As-Built Drawings 

Figure 3.4.3-3  Exiiting Layout of Control hoom of Ywama Power Station 

3.4.3.5 New 33 kV Switchgear in Thilawa Power Station and Extension of 230 kV 

Switchgear in Thilawa Substation 

All the secondary circuit of 11/33 kV transformers of the additional generators as stated below shall be 

connected to the 33 kV double bus system which shall be newly provided in the control building which 

shall also be newly built in the Thilawa Power Station. The new 33 kV busbar system shall be 
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independent to the existing (under construction) 33 kV switchgear, which shall be interconnected where 

necessary to reduce the short circuit current. 

1) Generator (23.2 MW) for gas turbine from Ywama Power Station 

2) Generator (9 MW) for steam turbine from Ywama Power Station 

3) Generator (25 MW) for steam turbine to be added to the existing two gas turbines of Thilawa Power 

Station 

One bay for transformer shall be extended next to the existing bus coupler bay of the existing 230 kV 

outdoor switchyard, and one new 230/33 kV, 100 MVA three phase transformer shall be installed. The 

33 kV bus bar system shall be connected to the secondary circuit of the transformer. 

Equipment of 230 kV switchgear necessary for transformer bay for connecting to the existing 230 kV 

double bus bar system shall be newly provided.  

3.4.4 Power Transmission Sestem (including Sestem Analesis) 

3.4.4.1  Existing Power Network and Development Plan 

(1) Power Network in Myanmar and Yangon City 

Figure 3.4.4-1 shows the present and under construction transmission system in Myanmar as of 2017. 

The voltage systems applied in Myanmar are 230 kV, 132 kV, and 66 kV, and the network system is 

under the control of the Department of Project Transmission and System Control (DPTSC). 
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Source: DPTSC 

Figure 3.4.4-1  Preient and Under Conitruction Tranimiiiion Line Network in Myanmar ai of 2017 

Myanmar has rich water power resources but most of them are generally concentrated in the central and 

northern regions. The load center of Yangon City is receiving hydropower from the central and northern 

regions through 230 kV transmission lines. Not only receiving power from the northern regions, Yangon 

City is also self-supporting its power demand through four major thermal power plants, namely: Hlawga 

Power Station, Thaketa Power Station, Ywama Power Station, and Ahlone Power Station, which are 

located in the city center. 
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These thermal power stations are connected on the 66 kV and 230 kV transmission line systems 

controlled by DPTSC. The latest 230 kV and 66 kV system in Yangon City is shown in Figure 3.4.4-2. 

 
Source: Prepared ey the JICA Study Team eased on the data of DPTSC 

Figure 3.4.4-2  Preient and Under Conitruction 230/66 kV Tranimiiiion Line Network in Yangon 

(2) Existing and Under Construction Power System in the Project Area 

The Thilawa Special Economic Zone (SEZ) is now receiving power from the Thilawa Power Station, 

which has two gas turbine generators of 25 MW, and from the Thanlyin Substation, which is 13 km from 

the MJTD office, through two routes of 33 kV single circuit distribution lines. Each 33 kV distribution 

line has the 150 mm2 ACSR conductor, which has a maximum power transmission capacity of 24 MVA. 

The new 230/33 kV Thilawa Substation, which is located next to the Thilawa Power Station, and the 

230 kV transmission line, connecting the substation to the national 230 kV power grid, are now under 

construction to meet the increasing demand of the SEZ. 

The under construction Thilawa Substation has 230 kV double bus system outdoor conventional type 

switchyard, with three transformer bays, two outgoing feeder bays, and bus-coupler bays, and 33 kV 

indoor type GIS switchgears. 

Three sets of 230/33/11 kV transformers of 100 MVA are installed to meet the expected maximum 

demand of 180 MW including additional one set for n-1 criteria. Each transformer has on-load-tap-

changing facilities of 260.36 kV as maximum, and 199.64 kV as minimum with 1.65% interval, which 

is suitable for both sending and receiving end. 

The generators in Thilawa Power Station, distribution line from Thanlyin, outgoing feeders for SEZ, 

and public supply feeders are connected to the 33 kV GIS switchgear, which is connected to the 

secondary circuit of the transformers. 

The under construction transmission line consists of the steel pole supported two circuit configuration, 

having double bundled conductor of ACSR DUCK (307 mm2). The maximum transmission capacity per 
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circuit is 410 MVA under the maximum temperature of 75 ºC. Both the circuits of the under construction 

transmission line are connected to the 230 kV outdoor switchyard of the new Thilawa Substation, and 

another end will be directly PI-connected to the existing single circuit 230 kV Thanlyin-Kamarnat 

transmission line, at about 2 km from the Thanlyin Substation. The distance of Thanlyin Substation to 

Kamarnat Substation is about 98 km. Therefore, one circuit of the under construction transmission line 

will connect Thilawa Substation to Kamarnat Substation, and another circuit will connect Thilawa 

Substation to Thanlyin Substation. 

The existing Thanlyin-Kamarnat transmission line is of the latticed tower supported single circuit 

configuration, and has double-bundled conductor of ACSR DUCK (307 mm2). The maximum 

transmission capacity per circuit is 410 MVA under 75 ºC operation. 

The Thanlyin Substation is connected to the Thaketa Substation in the Yangon City area by the existing 

230 kV transmission line of latticed tower supported double circuit configuration, having double 

bundled conductor of ACSR 795 MCM (402 mm2). The maximum transmission capacity per circuit is 

490 MVA under 75 ºC operation. 

The total distance of the 230 kV Thanlyin-Thaketa transmission line is 12 km, including Bago River 

crossing part of about 2.4 km. Although the line has two circuits configuration, one circuit is not used 

at present because one of the feeder bays of Thaketa Substation for Thanlyin Substation is now 

temporarily connected to the newly constructed 230kV transmission line for East Dagon Substation. 

Two circuit operation of the 230 kV Thanlyin-Thaketa transmission line will be resumed as soon as 

Thaketa Substation will be renovated. 

The system connection statuses before and after completion of Thilawa Substation are shown in Figure 

3.4.4-4 and Figure 3.4.4-5. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-3  230 kV Tranimiiiion Line from Thilawa Subitation 
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Source: Prepared ey the JICA Study Team 

Figure 3.4.4-4  Preient Power Syitem for Sending Power to Thilawa SEZ 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-5  Power Syitem for Sending Power to Thilawa SEZ after Completion of Thilawa 
Subitation in 2017 

As shown in Figure 3.4.4-6, the Thilawa Power Station and Thilawa SEZ will have firm connection to 

the 230 kV national grid through the under construction 230 kV transmission line through Thaketa 

Substation (through Thanlyin) and Kamarnat Substation. 

When the Thilawa Power Station is repowered by installing combined steam turbine on the existing gas 

turbines, and replacing the existing power plant from Ywama Power Station to Thilawa Power Station, 

the increased generated power will be supplied to the bulk consumers in the SEZ and the redundant 

power will fill up the power shortage in Yangon. The maximum redundancy will occur when the 

factories in the SEZ reduces their power consumption at night or on holidays. The existing power system, 

including the under construction Thilawa Substation and 230 kV transmission line, has enough capacity 

to receive full expected demand of 180 MW from the national power grid, and to send the full generating 

capacity of Thilawa Power Station. 
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Source: Prepared ey the JICA Study Team 

Figure 3.4.4-6  Geographical Location of 230 kV Network Syitem Connecting to Thilawa Subitation 

The 33 kV double bus bar system of the under construction Thilawa Substation will have the following 

feeders: 

� 3 feeders for 100 MVA transformer  

� 2 feeders for Thilawa gas turbine generators 

� 2 feeders for existing 33 kV distribution lines from Thanlyin Substation 

� 12 feeders for 6-loops distribution system for SEZ 

� 2 feeders for public power supply 

The rated short circuit current of the circuit breakers of each feeder is designed as 40 kA, and the rated 

current of the bus is 2,500 A. 

After Thilawa Substation is completed, 12 feeders are to be provided for six loops distribution line 

system in the SEZ. MJTD, the owner of the SEZ, is the consumer who receives the 33 kV power at the 

output terminal of the 33 kV switchgear in Thilawa Substation. The MJTD will own and maintain the 

facilities of the six loop type distribution line system. 

Figure 3.4.4-7 shows the connection status after the Thilawa Substation is completed. 
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Note: Demand at Thilawa SEZ shall ee examined at the timing of extension of existing panel. 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-7  Network Syitem of Thilawa Subitation and Surroundingi 

(3) Development of Power System for the Project 

Recently, MJTD requested DPTSC to extend six more feeders for additional three loops of distribution 

line system to provide power to the cement factory which will be a new tenant of the SEZ. DPTSC is 

examining their proposal and their proposal is going to be accepted, and the bus capacity will be 

increased from 2,500 A to 5,000 A. 

When Thilawa Power Station is repowered by installing combined steam turbine on the existing gas 

turbines and relocation of power plants from Ywama Power Station, the following three additional 

generators shall be connected to the independent 33 kV bus bar system to avoid increase of short circuit 

current of the existing 33 kV bus system: 

� Generator (23.2 MW) for gas turbine from Ywama Power Station 

� Generator (9 MW) for steam turbine from Ywama Power Station 

� Generator (25 MW) for steam turbine to be added to the existing two gas turbines of Thilawa Power 

Station 

The output voltage, 11kV, of the above three generators shall be stepped up to 33 kV by the 11/33 kV 

transformers of 11 MVA, 30 MVA, and 30 MVA, respectively, and shall be connected to the double bus 

system of the 33 kV switchgear to be newly provided. The existing transformer of the gas turbine 

generator in Ywama Power Station is old for reuse, but that of the steam turbine generator shall be 

reused. Therefore, new 11/33 kV transformers for gas turbine from Ywama and for steam turbine to be 

added to Thilawa gas turbines shall be provided newly. 

One 100 MVA transformer equipped with auto-tap-changing facilities of 260.36 kV (max.) and 199.64 

kV (min.) with 1.65% interval and the outdoor 230 kV switching gear for the transformer bay shall be 
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provided next to the existing bus coupler bay of Thilawa Substation. The above 33 kV double bus system 

shall be connected to the secondary circuit of the above transformer. 

The newly provided 33 kV switchgear shall be installed in the control building to be newly built. All the 

panels necessary for power source, control and communication to be installed newly and relocated from 

the Ywama Power Station shall be installed in the newly built control building. 

The connection method and schematic layout of the electrical equipment of Thilawa Power Station and 

Substation are shown in Figure 3.4.4-8 and Figure 3.4.4-9. 

 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-8  Network Syitem of Thilawa Subitation when Thilawa Power Station ii hepowered 
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Source: Prepared ey the JICA Study Team 

Figure 3.4.4-9  Schematic Layout of Thilawa Power Station and Subitation 

The Figure 3.4.4-10 and Figure 3.4.4-11 show the single line diagrams of Thilawa Substation, as of the 

completion of the construction expected in the beginning of 2018 and as of completion of the repowering 

of Thilawa Power Station and replacement of plants from Ywama Power Station respectively. 

Figure 3.4.4-12 shows the five-year plan of the power system in Myanmar, made by DPTSC in 2017. 
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Source: Prepared ey the JICA Study Team eased on Interview with Relevant Organizations  

Figure 3.4.4-10  Single Line Diagram of Thilawa Subitation 
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Source: Prepared ey the JICA Study Team eased on Interview with Relevant Organizations  

Figure 3.4.4-11  Single Line Diagram of Thilawa Subitation after hepowering 
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Source: DPTSC 

Figure 3.4.4-12  Five-year Plan of the Power Syitem in Myanmar, Made by DPTSC in 2017 
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(4) Requirements of Transmission Line and Substation Equipment for Repowering 

The existing and under construction transmission line and distribution line facilities have enough current 

carrying capacity to send the power generated by repowered plants, and no additional transmission lines 

or distribution lines are necessary. 

The existing and under construction substation have enough capability to send the power generated by 

repowered plants, and no additional substation equipment is necessary except: 

� 11/33 kV step-up transformer for add-on steam turbine generator 

� 11/33 kV step-up transformer for gas turbine generator from Ywama Power Station 

� 33/230 kV 100 MVA three phase transformer with on-load-tap-changing facilities of 260.36 kV 

(max.) and 199.64 kV (min.) with 1.65% interval which is suitable for both sending and receiving 

end 

� 230 kV switching facilities, including surge arrester, disconnecting switches, circuit breaker, 

current transformers, and steel structures for transformer bay to be extended next to the existing 

bus coupler bay 

� 33 kV double bus system cubicles for three generator circuits, one 230/33 kV transformer circuit, 

and one bus coupler, suitable for full-load with rated short circuit current of 40 kA 

� Control panels, relay panels, battery and charger, etc. for 230 kV and 33 kV switchgear 

� Control building capable to install control panels, relay panels, battery and charger for 230 kV and 

33 kV switchgear, 33 kV cubicles, control panels and switchgears of add-on steam turbines and 

generators, and all the control and switchgears relocated from Ywama Power Station 

� Expansion of road and cable ducts 

� Modification of existing facilities, if necessary 

3.4.4.2  Evaluation of Project’s Impact to the Power System 

From the viewpoint of the whole Myanmar power system in which Thilawa Power Station is included, 

the additional power capacity of projects, which is expected to be 57.2 MW after repowering, is 

relatively low and connected to lower level 33 kV power system. So, the effect of projects to the whole 

Myanmar power system is slight and seemed to cause no severe problem to the whole Myanmar power 

system as mentioned below. 

However, affection on the nearby power system related to the project should be evaluated based on the 

power system analysis utilizing PSSE software.  

Before analyzing, basic precondition and assumptions are arranged as described below for evaluation 

purpose. 

(1) Main Characteristics of Myanmar Power System 

The outline of the power system in Myanmar is shown in Figure 3.4.4-13. Thilawa Power Station is 

located in the southern load center of Myanmar Power System near Yangon City. 

In general, as mentioned previously, the main power flow of trunk lines of the Myanmar system seems 

to flow from the northern area, where many main hydropower stations are located, to the southern area, 

where heavy load area is located such as Yangon City and special economic zone areas. The electric 
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power of the trunk transmission of the whole Myanmar power system flows from the northern side to 

the southern side.  

After this repowering project was commissioned, this trunk transmission power flow will be deduced, 

which is preferable from the system stability viewpoint. So after this project, the power flow restriction 

from the north side would be lessened.  

 
Source: Prepared ey the JICA Study Team eased on the map provided ey DPTSC 

Figure 3.4.4-13  Outline of the Myanmar Power Syitem and the Current Diagram of the Syitem of 
Thilawa Power Station 



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  63 January 2018 

(a) Additional Power Magnitude of Thilawa Power Station 

Thilawa Power Station now consists of GTG open cycle gas turbine plants (25 MW x 2 units).  

Through the repowering of the Thilawa Power Station by changing the existing GTG open cycle into 

combined cycle and by adding another GTG relocated from Ywama Power Station, the additional power 

magnitude seems to be 57.2 MW in case of Option 4 plan. 

(b) Affection of the Project on the Whole Myanmar Power System  

Under the current situation of the whole Myanmar Power System mentioned above, the repowering or 

development of the power plants located in the southern area seems to be preferable from the viewpoint 

of power system stability or power supply reliability. In particular, thermal type generation in the vicinity 

of the sea or river in the southern area seems to be more suitable for providing stable power to the grid 

throughout the year.  

In consideration of these circumstances, the repowering of Thilawa Power Station located in the 

southern side or near the load center of the Myanmar system is suitable from the viewpoint of stable 

power supply. In other words, the additional power of 57.2 MW in Thilawa Power Station seems to 

contribute to reduce the existing 230 kV trunk power flow of the whole Myanmar system toward the 

southern direction. Moreover, the additional power supply of 57.2 MW in Thilawa Power Station is 

relatively small compared with the trunk power flow level of around 1,000 MW or over. Therefore, it 

seems not necessary to consider the effect of this additional power (57.2 MW) to the whole Myanmar 

system from the power system reliability viewpoint mentioned before. On the contrary, it is required to 

clarify the effect of the repowering of Thilawa Power Plant and the system problem in the vicinity 

system of Thilawa Power Station including Yangon area. 

Accordingly, evaluation of the affection of the repowering of Thilawa Power Station was conducted for 

the local power system that is composed of 33 kV and 230 kV system in the vicinity system of Thilawa 

Power Station including Yangon area [hereafter referred to as the local power system] through the 

following steps: 

(2) Evaluation of the Affection of the Project on the Power System  

As mentioned above, the evaluation method of the project’s affection on the power system was 

conducted on the local power system including Thilawa Power Station and Yangon area from the 

following main aspects. System stability analysis is performed based on data and information provided 

by DPTSC. 

(a) Current situation of the local power system 

The Thilawa Power Station is connected to Thaketa Substation via Thanlyin Substation by 230 kV 

transmission line. 

The produced power from the Thilawa Power Station is supplied mainly to Thilawa SEZ and the surplus 

power is supplied to Yangon area after raising the voltage to 230 kV through the step-up transformer in 

Thanlyin Substation as well. 

The power flow of the related grid system is basically directed to Thanlyin at peak time currently as 

shown in Figure 3.4.4-14. 
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The sending capacity of 230 kV trunk lines remains under 410 to 490 MW even though if any 230 kV 

transmission line is out of service due to maintenance or accident. 

Therefore, there seems to be no problem from the system operation viewpoint. It seems it is not required 

to install additional 230 kV transmission line in accordance with the repowering of Thilawa Power 

Station, which will be verified by simulation in this study as well. 

. 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-14  Power Flow of helated Grid Syitem Near Thilawa and Yangon 

(b) System review from the local power system related to the project 

The repowering power of Thilawa Power Station will be connected to 33 kV bus directly. The total 

capacity after repowering is expected to reach 107.2 MW which is a relatively large capacity in the local 
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power system. Thus, the issues of power flow and short circuit capacity aspect were considered in the 

local power system with planned reinforcement hereafter. 

According to the Power Development Plan in the local power system, the following main changes are 

planned in the future: 

� 230 kV transmission line with one circuit will be planned between Thilawa Substation and 

Kamarnat Substation  

� Two circuits of 230 kV transmission between Thanlyin Substation and Thaketa Substation will be 

connected in the near future although only one circuit is operated currently. 

� 230 kV transmission line with one circuit will be planned between Thanlyin Substation and Thilawa 

Substation.  

Regarding the local power system of this project, the affection and restriction were evaluated 

considering the reinforcement plan. 

On the other hand, regarding the system configuration of Thilawa Power Station, STG and GTG to be 

attached by repowering is planned to be connected to 33 kV bus with reinforcement of related step up 

transformer.  

After that, 33 kV bus is connected to the 230 kV power system through the related transformer (230/33 

kV, 300 MVA) with on-load tap changer equipment and operated as loop system. 

The planned single line diagram of Thilawa Power Station after repowering and the local power system 

is shown in Figure 3.4.4-15. 
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Source: Prepared ey the JICA Study Team eased on the map provided ey DPTSC 

Figure 3.4.4-15  Syitem Configuration for Evaluation 

System voltage, power flow, and short circuit current are evaluated hereafter based on the local power 

system. 

In addition, transient stability was also evaluated tenably just for reference as described below. 

  

(c) Criteria for Evaluation of Power System Reliability 

In accordance with the above condition, the following points were checked and clarified through the 

power system analysis and simulation was conducted using PSSE software for evaluating the power 

system reliability.  

a) Criteria for power flow analysis including short circuit current 

For the evaluation of the power flow analysis including short circuit current, the following criteria were 

adopted:  
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� Sufficient capacity of main components such as conductors and transformers to ensure that power 

flow does not exceed capacity limits under normal conditions or disturbance situations (N-1 rule) 

� Sufficient capacity of reactive compensation equipment, such as shunt reactance and/or capacitance 

to ensure that voltages at substations, etc. do not exceed voltage limits under normal conditions or 

disturbance situations (N-1 rule)  

� Sufficient capacity of circuit breakers to ensure that short circuit currents do not exceed their 

capacity, which is normally 40 kA for 33 kV system and 40 kA for 230 kV system, in three-phase 

short circuit faults, respectively. 

b) Criteria for Evaluation of Transient Stability 

The transient system stability was evaluated to check the performance of related generators under the 

three-phase grand fault accident of related 230 kV transmission line just for reference based on the 

following precondition: 

a) Aiiumed Accident 

For checking the transient stabilite, the following parameters were adopted at the accident in the protected 

sestems: 

- Accident condition three-phase short circuit accident and one circuit open 

- Accident clearance time 100 ms 

- Load characteristic an active power element has constant current characteristic, and a reactive power 

element has constant impedance 

b) Baiic Characteriitici of Generator 

As for the generator constant, excitation and turbine governor characteristic, the IEEE standard data was used for 

characteristics of AVR/GOV. 

c) Result of Evaluation of the Local Power System Reliability 

The actual evaluation of the power system was conducted in view of the effect to the vicinity power 

system from the selected plan taking the above situation change into consideration using PSSE as 

described hereafter. 

a) Evaluation of Power Flow Aipect 

From the power flow analesis, the following issues were ensured after repowering of Thilawa Power Station and 

related reinforcement of transmission, etc. as shown in Figure 3.4.4-16. 

� Sufficient capacite of main components such as conductors and transformers is kept within the tolerable 

capacite limits under normal conditions or disturbance situations (N-1 rule) 

� Regarding voltage aspects, the 230 kV bus voltage would be kept within regulated bandwidth easile because 

of 230/33 kV transformer with on-load tap changer and there seems to be no restriction for reactive power 

operation of the project plant. 

Based on the result of the abovementioned stude, necessare equipment such as shunt reactor or condenser will 

not be required to be installed in substations of the local power sestem related to Thilawa Power Station for 

keeping each level voltage within the restricted band level. 
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[Normal Conditions] 

 

[Disturbance Condition] 

 

Source: Prepared ey the JICA Study Team 

Figure 3.4.4-16  Simulation heiult of Power Flow under Normal Conditioni and Diiturbance 
Situationi 

b) Evaluation of Short Circuit Capacity 

The short circuit was checked based on possible maximum short current of related 33 kV and 230 kV bus under 

the severe case.  

As for the aspect of short circuit capacite, the short circuit capacite of Thilawa Power Station seems be determined 

mainle be short circuit current flow from Thilawa Power Station itself. 

Judging from the result of simulation taking the severe case into consideration, there seems to be no severe 

problem after repowering of Thilawa Power Station because total short circuit value of 33 kV bus is under 40 kA 

which is within tolerable capacite for related 33 kV circuit breaker as shown in Figure 3.4.4-17. 

However, the circuit breaker level of 33 kV sestem seems to be vere high and approaching the maximum short 

circuit level. So it is recommended to check again be using exact impedance such as internal impedance of 

generators and step-up transformer. For reducing the short circuit level of 33kV bus there are some 

countermeasures such as adaption of high impedance step-up transformer, adaption of high internal impedance 

generators and change the connection of generators in Thilawa Power Station etc. if required. 

As for the countermeasure of change the connection of generators in Thilawa Power Station instead of adaption 

of high impedance step-up transformer etc, which require more cost, further stude was conducted as described 

below in close relation with EPGE and DPTSC. 

On the other hand, regarding the 230 kV bus, there might be no problem without ane countermeasure such as 

bus separation because short circuit capacite seems to be under 40 kA as shown in Figure 3.4.4-17 including 

vicinite substations after repowering of Thilawa Power Station as well. 
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Source: Prepared ey the JICA Study Team 

Figure 3.4.4-17  Short Circuit Value of 33 kV Bui 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-18  Short Circuit Level of Each Subitation in Local Power Syitem 

a) Tentative Connection Optioni of Generatori in Thilawa Power Station 

For reducing the short circuit level of 33 kV bus in Thilawa Power Station of Option 1 as mentioned above, several 

combinations of connection options of generators in Thilawa Power Station were carried out and comparison of 

connection combinations was made as shown in Table 3.4.4-1. 
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Table 3.4.4-1  Compariion of Connection Optioni of Generatori in Thilawa Power Station 

 
Source: Prepared ey the JICA Study Team 

Judging from the following aspects, Option 4 seems to be preferable among the connection options of generators: 

� The short circuit current of Thilawa 33 kV bus should be reduced due to almost reaching maximum capacite 

of CB: 

Option 4 achieves the most reduction of short circuit current without other countermeasure  

� GTG and STG belonging to the same GCCT should be operated simultaneousle: 

GTG and STG of same GCCT should be connected to the same bus for less 33 kV and 230 kV bus operation 

restriction or smooth operation of each GCCT 

� The 33 kV bus current of Thilawa under normal operation should be kept at low level: 

Option 4 seems to be able to reduce the bus current the most compared with other cases 

� The additional equipment cost [mostle step-up transformer] seems to be almost the same between Option 1 

and Option 4 although Option 2 and Option 3 have high cost:  

Both Option 1 and Option 4 could utilize the existing step-up transformer.  

However, this Option 4 had some problems as mentioned below from the viewpoints of close cooperation with 

EPGE and DPTSC. 

� It requires the operation of three transformers in parallel for meeting the increasing demand of Thilawa SEZ 

� There is actual connection restriction of 33 kV GIS equipment including the space of Control Building in 

which related facilities are installed. 

Therefore, further stude was conducted for the additional connection cases as described hereafter: 

 

b) Further Study for Additional Connection Caiei of Generatori in Thilawa Power Station  

In addition to the options mentioned previousle, the following cases which are connected to 230 kV bus directle 

through new 11/230 kV transformer were considered for avoiding the abovementioned problems in close 

cooperation with Meanmar’s side as shown in Table 3.4.4-2. 
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Table 3.4.4-2  Additional Connection Caiei of Generatori in Thilawa Power Station 

 
Source: Prepared ey the JICA Study Team 

Judging from the further stude mentioned above, the following points are concluded: 

・ It is possible to connect the output terminal of TG within two units from the short circuit capacite 

viewpoint. 

・ However, the connection of the output terminal of GT should be not recommended due to the effect of 

reduction of short circuit capacite.  

・ Connecting the output terminal of GT seems to be not preferable in terms of keeping smooth O&M such 

as separate operation of GT and ST and maintenance of common 11/230 kV transformer. 

・ There might be some safete risk for the maintenance of GTG or STG. 

 Finalle, the following connection combination of TG in Thilawa Power Station was recommended: 

 

c) Final hecommendation of TG Connection Method in Thilawa Power Station 

Considering the stude results and all aspects concerned, the TG Connection Method shown in Figure 3.4.4-19 in 

Thilawa Power Station was finalle recommended under close cooperation with EPGE and DPTSC.  
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Source: Prepared ey the JICA Study Team 

Figure 3.4.4-19  hecommendation for TG Connection Method in Thilawa Power Station 

The main characteristics of this connection method are as follows:  

� The additional TGs should be connected to 230 kV bus through the step-up transformer respectivele 

for reduction of short circuit level and keeping smooth O&M. 

� The short circuit level of each related bus is reduced effectivele. 

� The existing three units of 33/230 kV transformer could be utilized to meet the increasing demand of 

Thilawa SEZ. 

� There seems to be no problem regarding this configuration of TG connection from the power flow and 

short circuit level viewpoint and equipment spaces viewpoint as well. 

The single line diagram and laeout of this connection method are shown again in Figure 3.4.4-20 for reference. 

 
Source: Prepared ey the JICA Study Team 

Figure 3.4.4-20  Single Line Diagram and Layout of Connection Method 
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c) Evaluation of Traniient Stability 

Stabilite analesis of the 230 kV AC sestem in the local power sestem was tried to be carried out tentativele for the 

project. The location of the three-phase short circuit accident was selected in the 230 kV transmission line near a 

power plant under the severe condition and analesis was made be appleing the accident condition of three-phase 

short circuit and clearing time of 50 ms tenable with shorten the actual fault relae clearing duration of 100ms for 

obtaining the generator angle performance curve. 

The simulation result is shown in Figure 3.4.4-21 just for reference. Judging from the simulation result, it seems 

difficult to obtain the power swing of the TG machine itself as shown in Figure 3.4.4-22 depending on high speed 

and low inertia machine. 

However, it seems stable after transmission accident in case of fault accident of 230kV transmission line near 

Thilawa P/S and the generators of Thilawa P/S might be tripped be protection relae itself such as under voltage 

or overcurrent beforehand. 

Therefore, the following result is just for reference onle: 

 
Source: Prepared ey the JICA Study Team  

Figure 3.4.4-21  Simulation heiult of Dynamici 
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Source: Prepared ey the JICA Study Team 

Figure 3.4.4-22  Example of Power Swing of Generatori (Juit for heference) 

3.4.5 Civil and Building Works 

Since the Thilawa Add-on Project and the Ywama Relocation Project are carried out on the same 

premises, it is important to consider the existing situation regarding civil engineering construction and 

plan a cooperation between the two projects. 

For civil engineering work, it should be planned to make efficient construction by fully utilizing the 

construction experience of existing simple cycle power generation equipment. 

In addition, it is necessary to formulate a cooperative plan as two projects when using existing buildings 

and preparing newly constructed buildings. 

The contents of the main civil engineering construction work are described below. 

� Installation of equipment foundations and building foundation 

� Foundation will be supported with RC piles 

� Installation of electrical and control building 

� Pile driving by hydraulic driving machine (vibration-free method) 

� Extension of existing boundary wall (if necessary) 

� Installation of cable and pipe trenches 

� Installation of duct banks 

� Installation of concrete paved surface for maintenance area 

� Installation of gravel paved surface 

� Other necessary civil building works as required 
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Chapter 4 Coit Eitimation and Implementation Schedule of the Project 

4.1 Project Coit Eitimation 

The JICA Study Team estimated the cost for the two projects, i.e., Thilawa Power Station Combined 

Cycle and Ywama Power Station Relocation Repair. 

Based on the EPC cost data published as an estimation method, after correcting it according to the 

characteristics of each project, the JICA Study Team estimated the cost that is considered reasonable. 

These procedures will be shown and explained below. 

However, there are a few published EPC cost data in the world, and it will be useful if the JICA Study 

Team can find the contract price data of the concrete project as a reinforcement material of this trial 

calculation result. 

In addition, as for the published EPC cost data, the conditions for each project naturally differ, so it can 

be considered that it is not appropriate to be adapted to the project unconditionally. 

For example, the cost of acquisition of land, the development cost of land, the cost of withdrawing 

make-up water, the cost of withdrawing fuel gas piping, the maintenance cost of electricity grid, and the 

compensation cost to neighboring residents are not included in the EPC cost in general. 

The image of the supply category of EPGE and EPC considered in this project is shown in Figure 4.1-

1. It is necessary to clarify the supply range of EPGE. 

 
Source: Prepared ey the JICA Study Team 

Figure 4.1-1  Input and Output for the Thilawa Power Station 

1) Thilawa Add-on Cost Estimation 

This section is not published at this public edition of the report. 

2) Ywama Relocation Cost Estimation  

This section is not published at this public edition of the report. 
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3) Actual cost data and analysis of the combined cycle power generation equipment 

Up to this point, the JICA Study Team investigated the validity based on the data of the US Energy 

Information Administration (EIA) on add-on costs and relocation costs and calculated the cost 

considered appropriate. However, as a result, the JICA Study Team would like to know the construction 

cost in each country. 

Therefore, the JICA Study Team gathered the actual cost from the information released by the press, 

homepage information of contractor and hearings. 

Although there is a published order value, the JICA Study Team does not have detailed information such 

as scope of order receipt, so the JICA Study Team would like to take this as a reference value to grasp 

the image of cost. 

In Table 4.1-1, as actual cost data, the information is described by the classification of add-on / 

combined cycle / simple cycle.  

In the column on the right of the figure, the value of "$ / kW" is shown as kW unit price from the order 

receipt amount and the output of the power generation facility. 

Furthermore, in the right column, "$ / kW" converted to the steam turbine output 25 MW is shown in 

the case of add-on. In the case of the combined cycle, "$ / kW" converted to a total output of 75 MW 

was shown. 

Looking at these kW unit prices, there are considerable variations, but it is presumed to be due to 

differences in the scope of orders and different conditions at the site. 

However, the JICA Study Team thought that it is possible to grasp a general trend from these converted 

values, and the cost examination mentioned above seems to be generally appropriate. 
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Table 4.1-1  Coit Analyiii: Contract Actual Data of Power Generation Equipment 

 
Source: Official Data and Hearing ey the JICA Study Team 

  

* for Add-on Cost 

Add-on

Output

Total

Output

(ST) (C/C) MUSD MW $/kW MUSD $/kW

Takoradi T2 Ex pansion Project

Add-on (1X120MW ST)

Ex istiny 110X2

+ New  120 = 230MW

Republic of Ghana

Western Reyion

Shama District

Aboadze

120MW (340MW) 2012.7.12 2014.11
Full

Turnkey
260 MUSD

TICO(Takoradi

International Company )

/ Ghana

Mitsui & Co.
28.5

months

Mitsui & Co.

Home paye

KEPCO E&C as

Consortium
260 120 2,167 91.4 3,655

Los Mina Pow er Plant

Add-on (1X114MW ST)

Ex istiny 210

+ New  114 = 324MW

Dominica Republic

Santo Dominyo

Los Mina

114MW (324MW) 2014.12 2016.12

Lamp Sum

Full Turn

Key

140 MUSD

DPP (Dominican

Pow er Partners) /

Dominican

Tecnicas

Reunidas / Spain

27

months

Tecnicas

Reunidas

Home paye

140 114 1,228 50.9 2,037

* for Combined Cycle Cost 

Add-on

Output

Total

Output

(ST) (C/C) MUSD MW $/kW MUSD $/kW

Northern My anmar Mandalay

(The country 's laryest yas-fired

pow er plant)

My anmar

Mandalay

Gas-fired

pow er plant

220MW ？ 2018 ？
Inv estment

Amount

300 MUSD

Sinyapore

Gov ernment-based

complex

Semcorp Industries

GE U.S.A. ? Press release

International Finance

Corporation (IFC)

supported

300 220 1,364 146.4 1,947

Muara Karany

Combined Cy cle Pow er Plant

 (Phase-II) 185MW x  1

Indonesia 185MW 1992 1995 247 MUSD PLN
Sumitomo

Corporation
3 y ears ?

Information from

the contractor
247 185 1,335 135.3 1,804

Sy lhet 90MW

Combined Cy cle Pow er Plant
Banyladesh 90MW 1993 1995 106 MUSD BPDB

Sumitomo

Corporation
2 y ears ?

Information from

the contractor
106 90 1,178 93.9 1,252

Tambak Lorok

Combined Cy cle Pow er Plant

Block-1 Phase – II

188MW x  1

Indonesia 188MW 1995 1997 228 MUSD PLN
Sumitomo

Corporation
2 y ears ?

Information from

the contractor
228 188 1,213 123.6 1,648

Maputo Gas Fired

Combined Cy cle Pow er Plant

Dev elopment Project

(1×110MW)

Mozambique 110MW 2016 U.C. 149 MUSD
Electricidade de

Mozambique

Sumitomo

Corporation
?

Information from

the contractor
149 110 1,355 115.4 1,539

Kiny erezi Natural Gas Fired

Combined Cy cle Pow er Plant

Project  (240MW)

Tanzania 240MW 2016 U.C. 345 MUSD

Tanzania

Electric Supply

Company  Limited

(TANESCO)

Sumitomo

Corporation
?

Information from

the contractor
345 240 1,438 158.9 2,119

Chana

Combined Cy cle

Pow er Plant Block 2

South of Thailand

Sonykhla County

Chana District

782MW

(1-1-1×2)
-2011 -2014.8

Full

Turnkey

(43.5 BJPY)

479 MUSD

Electricity  Generatiny

Authority  of Thailand

(EGAT)

Marubeni &

Siemens
3 y ears ?

Marubeni

Home paye

2011.6.20

Joint order w ith

Siemens Group

The order v alue for

(Marubeni is 18 billion

y en)

479 782 613 105.3 1,404

Wany Noi

Combined Cy cle

Pow er Plant Block 4

North Thailand

Ay utay a Department

Wan Noi District

769MW

(2-2-1×1)
-2011 -2014.4

Full

Turnkey

(39.5 BJPY)

435 MUSD

Electricity  Generatiny

Authority  of Thailand

(EGAT)

Marubeni &

Siemens
3 y ears ?

Marubeni

Home paye

2011.6.20

Joint order w ith

Siemens Group

The order v alue for

(Marubeni is 20 billion

y en)

435 769 566 92.2 1,229

IRPC Coyeneration Project
Thailand

Ray ony

220MW

6GT +

6HREG

2009.9 2011.5 124 MUSD
IRPC  Public

Company  Limited
Marubeni 2 y ears ?

Marubeni

Home paye

2009.9.14

Ex cludiny GTG and

civ il enyineeriny
124 220 564 60.5 807

Bibiy ana-III Gas Based

Combined Cy cle

Pow er Plant

Banyladesh

Bibiy ana
400MW -2016 2018

(30.8 BJPY)

339 MUSD

Banyladesh Pow er

Dev elopment Board

(BPDB)

Marubeni 2 y ears ?

Marubeni

Home paye

2016.3.1

Marubeni＆BPDB 339 400 848 111.1 1,481

South Banykok

Pow er Plant Replacement

Project Phase 1

Thailand

Banykok

1200MW

(1-1-1×2)
-2016 -2019

Full

Turnkey

(60.0 BJPY)

660 MUSD

Electricity  Generatiny

Authority  of Thailand

(EGAT)

Marubeni &

Siemens
3 y ears ?

Marubeni

Home paye

2017.1.25

Marubeni's charye

BOP, civ il enyineeriny,

installation etc.

600 1200 500 94.5 1,260

* for Simple Cycle Cost 

Add-on

Output

Total

Output

(ST) (C/C) MUSD MW $/kW MUSD $/kW

Niyeria

NIPP Simple Cy cle

Thermal Pow er Plant

Niyeria

- Cross Riv er State

- Edo State

- Delta State

1,463MW 2015

382 MUSD

Transport &

Construction

Niyer Delta Pow er

Holdiny Company
Marubeni NA

Marubeni

Home paye

- 563MW

- 450MW

- 450MW

NA NA NA NA NA

Location

Location

Location
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4.2 Implementation Schedule 

It is highly likely that this project will be divided into two projects, i.e.: Thilawa Add-on and Ywama 

Relocation. 

This is the result of the examination done in Chapter 3, and it is possible to reduce the overall risk by 

separating the projects with uncertain elements such as relocation and renovation and add-on projects 

that can be proceeded easily with planning. 

This method was selected as a result of consideration of Option 4. (For the technical content of Option 

4, see Chapter 3) 

Although it is a repetitive description, the execution place of these two projects is within the Thilawa 

Power Plant in Figure 4.2-1, the red part in the figure is the add-on area, and the blue part in the figure 

is the relocation area. 

In addition, residence for staff of power stations will be required at the same time as this project is 

implemented. Priority is given to the arrangement of the power generation facilities and the residence 

will be planned at the appropriate position. 

 
Source: Prepared ey the JICA Study Team 

Figure 4.2-1  Layout of the Thilawa Power Station 
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Thilawa Add-on Implementation Schedule 

The implementation schedule of Thilawa Add-on is 30 months as shown in Figure 4.2-2. 

 
Source: Prepared ey the JICA Study Team 

Figure 4.2-2  Implementation Schedule of Thilawa Add-on 

For the quality control of construction work, especially concrete placement under the foundation 

construction of power generation facilities, the JICA Study Team would like to avoid the rainy season 

in Myanmar if possible. 

For this reason, the JICA Study Team anticipated a margin later in the rainy season to leave the 

foundation work. 

Also, at present, the delivery date of the turbine rotor cannot be grasped precisely until the actual order 

is made.  

Manufacturing risk of equipment that becomes critical in such process is expected in the construction 

term of 30 months. 

As for the shortening of the construction period, it is good to exchange ideas between the ordering party 

and the contractor, and then negotiate the deadlines of equipment critical at that point and decide the 

method. 

Similarly, from the viewpoint of shortening the later stage, it is better to decide how to avoid the rainy 

season in Myanmar from the start of construction of the foundation by the contractor side. 

Ywama Relocation Implementation Schedule 

The implementation schedule of Ywama Relocation is 19 months as shown in Figure 4.2-3. 

 
Source: Prepared ey the JICA Study Team 

Figure 4.2-3  Implementation Schedule of the Ywama helocation 

Although there is a plan to carry out release check of gas turbine and other major equipment at Ywama 

Power Plant before the construction starts, in particular if it is focused on rotating equipment such as 

gas turbine and steam turbine, rather than doing an open inspection, it is recommended to have a plan 

to relocate the Thilawa Power Station first and then open inspection. 
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This is because it is thought that it is more advantageous for delicate adjustments such as alignment 

adjustment if the rotating machine is installed as it is on the new foundation. 

In any case, since the JICA Study Team will divide it into two projects this time, sharing information 

between the team contractors and each contractor and collaborating with each other will lead to good 

results. 

In Thilawa Special Economic Zone (SEZ), two units of gas turbine power generation (GTG) plant with 

a rated capacity of 25 MW each have been installed through a JICA loan and the power plant supplies 

to Thilawa SEZ and Yangon. The power demand at Thilawa SEZ, however, will exceed the power supply 

(50 MW) of the power plant in the future. Considering this forecast, the reinforcement of power supply 

is an urgent matter for Thilawa SEZ. Furthermore, the generated power from the power plant will be 

supplied to the national grid towards Yangon considering the low load at the Thilawa SEZ during night 

time. Thus, the development plan in accordance to reinforcement of national grid/distribution line 

in/nearby Yangon should also be studied. 

In consideration to the above situation, JICA will conduct a study on the current power supply situation 

in/near Thilawa and Yangon, and submit a proposal to the Government of Myanmar. The alternatives 

(four options) for upgrading the power supply system in Thilawa area will be proposed from the aspects 

of electrical and thermal techniques with economic and financial considerations. In this chapter, the 

requirements of environmental and social considerations on the proposed options will be discussed.  
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Chapter 5 Environmental and Social Coniideration 

5.1 Environmental and Social Lawi and hegulationi in Myanmar 

5.1.1 Laws and Regulations on Environmental and Social Considerations  

1)  National Policy/Plan 

Currently, in Myanmar, the department responsible for the environment and social managements is the 

Environmental Conservation Department (ECD) under the Ministry of Natural Resources and 

Environmental Conservation (MONREC). The corresponding regional or state government is also 

involved in the environmental and social considerations. For this proposed project, the Ministry of 

Electricity and Energy, the project owner, and the project proponent take the main responsibility in the 

environmental and social consideration of this project.  

The major legislations pertinent to natural environment and social environment areas in Myanmar 

totaled to about 86 laws/rules/regulations and also, regarding the environmental conservation aspects, 

about seven policies/laws/procedures/guidelines are under drafting process with the support of 

international organizations (JICA, ADB, WB, etc.). The important procedure and guidelines named as 

Environmental Impact Assessment Procedures and as National Environmental Quality (Emission) 

Guidelines (NEQG), respectively, are stipulated in December 2015. New projects or expansion projects 

are applied to the procedures and the guidelines in the above.  

2) Environmental Standards 

The following Table 5.1.1-1 shows the guidelines values for the Gas Turbine Project and its related 

project described in the NEQGs. The environmental standards for the proposed project should comply 

with the NEQGs. 

Table 5.1.1-1  Outline of the National Environmental Quality (Emiiiion) Guidelinei 
(Gai Turbine Project and iti helated Project) 

Environment 

Element 
Guideline Value Note 

Emission gas NOx:100 mg/Nm3 For gas turbine project (not 

less than 50 MW)  

Wastewater As: 0.5 mg/L, Cd: 0.1 mg/L, Total Cr: 0.5 mg/L, Cu: 0.5 mg/L, Fe: 1 mg/L, 

Pb: 0.5 mg/L, Hg: 0.005 mg/L, Oil & Grease: 10 mg/L, pH：6-9, 

Temperature Increase: less than 3°C, Total residual chlorine: less than 

0.2 mg/l, Total suspended solids: 50 mg/L, Zn: 1mg/L 

For thermal plant  

Noise heiidential, inititutional, educational 

[Weekdae] 55 dB (7:00 a.m. to 10:00 p.m.), 45 dB (10:00 p.m. to 7:00 

a.m.) 

[Weekend] 55 dB (10:00 a.m. to 10:00 p.m.), 45 dB (10:00 p.m. to 10:00 

a.m.) 

Induitrial, commercial 

70 dB (all dae)  

Guideline values are 

applied to all sectors but 

criteria for the left land use 

is not clear  

Source: Myanmar National Environmental Quality (Emission) Guideline（2015） 

(i) Requirement of IEE or EIA for project implementation  

Table 5.1.1-2 summarizes the requirements of IEE or EIA study in accordance with the EIA procedures. 
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Table 5.1.1-2 Projecti hequired to Implement the EIA or IEE Study under the EIA Procedurei (Gai 
Turbine Project and iti related Project) 

Type of Economic Activity IEE (Initial Environmental 

Examinationi) 

EIA (Environmental Impact 

Aiieiiment) 

Natural Gas Power Plants Installed capacite ≥ 5 MW but 

< 50 MW 

Installed capacite ≥ 50 MW 

Combined Cecle Power Plants (gas and thermal) Installed capacite ≥ 5 MW but 

< 50 MW 

Installed capacite ≥ 50 MW 

Gas Transmission or Distribution Sestems < 10 km ≥ 10 km 

Electrical Power Transmission Lines ≥ 115 kV 

but < 230 kV 

≥ 50 km All activities where the ministre 

requires that the Project shall 

undergo EIA 

Electrical Power Transmission Lines ≥ 230 kV All Ditto 

High Voltage (230 kV and 500 kV) Transformer 

Substations 

≥ 4 ha Ditto 

Source: Annex-1 of EIA Procedures (2015) 

As per Annex-1 of EIA procedures, the EIA study will be required in case of an expansion of Thilawa 

Power Plant. However, the draft EIA report has been prepared for the existing power plant (50 MW). 

Hence, as a result of the discussion of the JICA Study Team with the MONREC-ECD in August 2017, 

the updating of the existing draft EIA report for 50 MW will be required. Also, the ECD suggested to 

apply the review of the updated EIA report for the expansion/upgrading of Thilawa Power Plant Project. 

However, the revision of the existing draft EIA report shall comply with the EIA procedures and NEQGs.  

(ii) Approval process of EIA for implementation of the proposed project 

The expected timeframe of the updating of EIA study for the upgrading project is shown in Table 5.1.1-

3. It may take a total of about 12.5 months from the preparation for updating the draft EIA report to 

obtain the approval of the EIA report issued by the MONREC after the appraisal of the National 

Environmental Conservation and Climate Change Central Committee (NECCCCC). It can be noted that 

the approval of the EIA report is presently issued by MONREC prior to the issuance of the 

Environmental Compliance Certificate (ECC), which is the certificate needed for the EIA study 

proposed in the EIA procedures. 

Table 5.1.1-3 Expected Schedule of EIA Study for the Propoied Project 

No. Deicription of Actioni 

Expected / 

hequired 

Time Period 

hemark 

0 Completion of F/S Report   

1 
Preparation for updating the 

draft of the EIA Report 
2 months  

2 

Arranging public consultation, 

disclosure and finalization of 

EIA Report 

2 months  

3 
Submission of final EIA 

Report* and Appraisal 
4.5 months 

*MOEE’s cover letter on request of urgent review shall be 

required. 

4 Approval be NECCCCC* 4 months  

* National Environmental Conservation and Climate 

Change Central Committee 

* Committee meeting is organized evere 4 months 

Source: Prepared ey the JICA Study Team 
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(iii) Organizations/institutions responsible for the implementation of environmental and social 

considerations for the proposed project 

The Electric Power Generation Enterprise (EPGE) under the Ministry of Electricity and Energy (MOEE) 

is the responsible organization to implement the environmental and social management plans for 

upgrading the project. The organizational structure of EPGE is described in Figure 5.1.1-1.  

 
Source: EPGE  

Figure 5.1.1-1 Organizational Structure of EPGE 

5.2 Environmental and Social Baieline Conditioni near the Project 

5.2.1 Overall Environmental and Social Conditions in the Surrounding Area  

The overall environmental and social conditions in Thanlyin and Kyauktan township areas are described 

in this section. 

1) Natural Environment 

(i) Meteorology 

There are three seasons defined in Greater Yangon having tropical monsoon climate characteristics: the 

summer season starts from March to May, the rainy season starts from June to October and the winter 

starts from November to February. The Kaba-aye Meteorological Station, which is managed by the 

Department of Meteorology and Hydrology (DMH) under the Ministry of Transport and 

Communications (MOTC), has been observing the meteorological conditions of Greater Yangon 

including the Thilawa area since 1968.  

(ii) Temperature and Rainfall 

From 2006 to 2015 the mean annual temperature is 27.43 °C. The mean monthly temperature is highest 

in April at 30.6 °C and lowest in January at 24.9 °C. Except in January, the monthly mean temperature 

is above 25.0 °C. The southwest monsoon wind is the main source of rain, and the Yangon area receives 

rain during the period from May to October. The average annual amount of rainfall is 245.42 mm. 

Rainfall sharply decreases from November and continues to be less than 16 mm from December to 

February. According to Koppen's Climate Classification, the type of climate is tropical monsoon (am), 

which is characterized by alternating wet and dry seasons. The average relative humidity in Yangon is 

78% during 2006-2015. 
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The mean monthly temperature is highest in April at 30.7 °C and lowest in January at 25.0 °C. Except 

in December and January, the monthly temperatures are above 25.0 °C. The southwest monsoon wind 

is the main source of rain, and the Yangon area receives rain during the period from May to October. 

The average annual amount of rainfall is 2,787 mm. Rainfall sharply decreases from November and 

continues to be less than 10 mm from December to February, as shown in Table 5.2.1-1. 

Table 5.2.1-1  Monthly Maximum, Minimum, Mean Temperaturei, and hainfall 
at Kaba-aye Station in Yangon City (2006-2015) 

 
Source: Data of the Department of Meteorology and Hydrology, Kaea-aye Station, Yangon in the Statistical Year Book 
(2016) 

(iii) Hydrological Situation 

The main river around Thilawa SEZ is the Yangon River, which is a large tidal river in the region running 

on the west side of Thilawa SEZ. The data on the tide levels of the Yangon River as observed from the 

elephant point is shown in the following Figure 5.2.1-1 and by the Ministry of Port Authority (MPA) as 

shown in Table 5.2.1-2. The elephant point is located at the mouth of the Yangon River, 32 km south 

from the Yangon Port. The data of the MPA are converted in accordance with Myanmar’s standard sea 

level. 

 Table 5.2.1-2  Hydrological Data on the Yangon hiver 

Deicription Data of Sounding at Elephant Point (m) 

Highest HWL (September 1930) +4.390 

MWL in Bo Aung Keaw Wharf +0.856 

MWL in Pilaket Creek +0.591 

Zero of Tide Gauge in Yangon -2.265 

Lowest LWL (Februare 1888) -2.265 

High Tide Duration 1.2 hr 

Source: JICA Preparatory Study on Thilawa SEZ Infrastructure Development in the Repuelic of the Union of Myanmar 
(March 2014) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Average

/ Total

Max. Temp. (°C) 32.2 34.5 36.0 37.0 33.4 30.2 29.7 29.6 30.4 31.5 32.0 31.5 32.33

Min. Temp. (°C) 17.9 19.3 21.6 24.3 25.0 24.5 24.1 24.1 24.2 24.2 22.4 19.0 22.55

Mean Temp. (°C) 24.9 26.8 29.0 30.6 28.9 27.4 26.8 26.8 27.1 27.9 27.6 25.4 27.43

hainfall (mm) 6 1 17 42 378 533 673 541 455 240 53 6 245.42



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  85 January 2018 

 
Source: JICA Preparatory Study on Thilawa SEZ Infrastructure Development in the Repuelic of the Union of Myanmar 
(March 2014) 

Figure 5.2.1-1  Location of hiveri and the Elephant Point 
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Source: Preparatory Study on Thilawa SEZ Infrastructure Development in the Repuelic of the Union of Myanmar 

(2014） 

Figure 5.2.1-2  Surface Water in and around Thilawa SEZ 

In Thilawa SEZ, there are six tidal rivers and small stream as seen above in Figure 5.2.1-2. Four of 

them, namely: Ah Lun Sake Creek, Shwe Pyauk Creek, Pa Lan Creek, and a small creek flowing into 

the Yangon River. In the south area of Thilawa SEZ, Gway Creek, and Kayat Creek flow into the 

Hmawwun River, which flows from east to west and reaches the Yangon River. 

In and around the Thilawa SEZ, there are three major water reservoirs, namely: Zarmani Reservoir, Bant 

Bwaykone Reservoir, and Thilawa Reservoir. 
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(iv) Flora, Fauna, and Biodiversity 

According to the results of the Flora and Fauna Survey in 2013, there were 139 flora species in the dry 

season and 181 species in the rainy season in the Thilawa SEZ Zone A area and the downstream near 

the Yangon River. The listed and recorded plant species were checked with the International Union for 

Conservation of Nature (IUCN) Red List of threatened species. However, none of those species were 

found in the IUCN Red List. 

The fauna survey was also conducted in 2013 in and around the Thilawa SEZ Zone A. A total of 13 

butterfly species were recorded in the study area during the survey period. All the recorded butterfly 

species were common species. A total of 18 bird species, which belong to 13 families, were recorded in 

the survey area. A total of four mammal species categorized as Least Concern (LC) by IUCN Red List 

were recorded during the survey period. Some species such as the white-bellied rat (Niviventer 

fulvscens) and the greater bandicoot rat (Bandicota Indica), were found mainly in the rice fields, whereas 

the grey squirrel (Callosciurus Pygerythrus) was found in the scattered trees and scrubland areas. 

A total of 18 reptilian species and seven amphibian species were recorded in the survey area during the 

survey period and the total 18 species in the dry season and eight species in the rainy season had the LC 

status in the IUCN Red List. The reptile species, Calotes versicolor, was observed in areas with mixed 

vegetation and scattered trees. Among the recorded species, the paddy frog, Fejervarya limnocharis, 

was found as a very common species. The frog species, Holobatrachus tigerinus was also common in 

the area and distributed in many parts of the area in the wet season. A total of 15 fish species were 

recorded during the survey period. The fishes are important for the ecosystem of the canal and rice field 

water body. The fish species, Mystus cavasius and Puntius chola, were found as the most common 

species in the Thilawa SEZ Zone A. The fish species, Mystus bleekeri and Labeo calbasu, were also 

abundant in the aquatic habitat. As a result of the survey, endangered (EN) species, vulnerable (VU) 

species by IUCN Red List, and prohibited species, which need to be conserved by implementing a no 

hunting, trading, and no disturbance by the Myanmar Law, were not identified by the Flora and Fauna 

Survey in 2013. 

(v) Protected/Reserved Area 

There is no protected area including natural reserve, national park, wildlife sanctuary and bird sanctuary 

around Thilawa SEZ. 

(vi) Land Use 

In Thanlyin and Kyauktan townships, lands are mainly used for agriculture purpose with 74.5% and 

water with 14.3%, as of 2012/2013 (As of JICA/Sanyu Consultants Inc., Data Collection Survey on 

Water Resources Potential for Thilawa SEZ and Adjoining Areas Final Report, September 2014). 

Special Economic Zone (Industrial Use) occupied 1.43% (500 ha) of Thanlyin townships, as of 2017. 

2) Social Environment 

(i) Population 

Thanlyin Township is located in the southern part of Yangon Region and its eastern and northern parts 

are facing the Bago River and the Yangon River. Then, the western and southern parts are adjoining the 

Thongwa Township, Kayan Township, and Kyauktan Township, respectively. Thanlyin Township is 
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made up of 17 wards, 29 village tracts and village tracts are composed of 57 villages. The number of 

household in Thanlyin Township is 61,597 according to the 2014 Census.  

Kyauktan Township is located in the southern part of the Yangon Region and its eastern parts and 

northern parts are adjoining the Thongwa Township and Thanlyin Townshp. And then, the western and 

southern parts are adjoining the Yangon River and Mottema Ocean. Kyauktan Township is made up of 

9 wards, 32 village tracts. The number of household in Kyauktan Township is 32,976 according to the 

2014 Census. 

(ii) Water Usage 

The sources of drinking water and non-drinking water in Thanlyin and Kyauktan townships are shown 

in Table 5.2.1-3 and Table 5.2.1-4, respectively. More than 60% of the households in Thanlyin 

Township are using water for drinking and non-drinking purposes from wells, while about 70% of 

households are using water from the pool/pond/lake in Kyauktan Township. On the other hand, as shown 

in Figure 5.2.1-3, most of the wells in Thanlyin Township are located outside of the Thilawa SEZ. 

Table 5.2.1-3  Source of Drinking Water in Thanlyin and Kyauktan Townihipi 

 
Source: Department of Population, Ministry of Immigration and Population “The 2014 Myanmar Population and 
Housing Census–The Union Report- Census Report Volume 2” May 2015 

Table 5.2.1-4  Source of Non-drinking Water in Thanlyin and Kyauktan Townihipi 

 
Source: Department of Population, Ministry of Immigration and Population “The 2014 Myanmar Population and 
Housing Census–The Union Report- Census Report Volume 2” May 2015 
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Source: JICA/Sanyu Consultants Inc., Data Collection Survey on Water Resources Potential for Thilawa Special 
Economic Zone and Adjoining Areas Final Report, Septemeer 2014 

Figure 5.2.1-3  Diitribution of Tube and Dug Welli in Thanlyin and Kyauktan Townihipi 

3) Social-Economic Condition 

The main sources of livelihood in the two townships are agriculture, fishing, and official employment 

in the government as shown in Table 5.2.1-5. In Thanlyin Township, other sources of earning are 

livestock breeding, fish farming, casual labor, and betel leaf and coconut plantations as well as small- 

to medium-sized businesses. In Kyauktan Township, other livelihood activities include livestock 

breeding, fish farming, and betel leaf and coconut plantations. Most of the casual laborers are employed 

in the agricultural sector. According to the survey results of Resettlement Framework for 2,000 ha, it is 

confirmed that more or less 10 households are engaged in the aquaculture in and around Thilawa SEZ, 

and the fishponds are mainly located along Alunsut Creek. In addition, about 20 households are 

cultivating not only monsoon paddy fields but also summer paddy fields by utilizing the irrigated water 

from the existing water source including creeks which flow in and around Thilawa SEZ. 

Table 5.2.1-5 Exiiting Statui of Local Livelihoodi in Thanlyin and Kyauktan Townihipi (2014) 

Township 

Type of Workeri (Perion) 

Govt. 

Staff 

Service 

Staff 
Agriculture Liveitock Trader Factory Odd Job Otheri 

Thanlein 
7,436 

(6.9%) 

2,675 

(2.5%) 

6,650 

(6.2%) 

175 

(0.2%) 

21,003 

(19.5%) 

6,230 

(5.8%) 

41,972 

(39.0%) 

21,623 

(20.1%) 

Keauktan 
4,305 

(5.2%) 

11,000 

(13.3%) 

4,307 

(5.2%) 

8,706 

(10.5%) 

6,637 

(8.0%) 

5,378 

(6.5%) 

6,569 

(7.9%) 

35,851 

(43.3%) 

Source: Thanlyin and Kyauktan Township Administrative Offices 
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5.2.2 Baseline Environmental Conditions of the Upgrading Project 

The overall conditions of air quality, water quality and noise levels at the surrounding areas of the 

proposed project site are quoted from the existing data such as the monitoring report for the Thilawa 

Power Plant in which noise and vibration levels were measured in July 2016 and the monitoring report 

for Thilawa Substation in which air quality, water quality and noise and vibration were measured in May 

2017; and water quality was measured in July 2017. The location of the environmental survey for overall 

conditions is shown in Figure 5.2.2-1, Figure 5.2.2-2 and Figure 5.2.2-3 

 
Source: Environmental monitoring report for Thilawa Power Plant (July 2016) 

Figure 5.2.2-1  Location Map of Noiie and Vibration Monitoring Point for Thilawa Power Plant in July 
2016 
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Source: Environmental Monitoring Report for Thilawa Suestation (May 2017) 

Figure 5.2.2-2  Location Map of Air Quality, Noiie, Vibration and Water Quality Sampling Pointi for 
the Thilawa Subitation in May 2017 

 
Source: Environmental Monitoring report for Thilawa Suestation (July 2017) 

Figure 5.2.2-3  Location Map of Water Quality Sampling Pointi for the Thilawa Subitation in July 
2017 

1) Air Quality  

According to the Myanmar National Environmental Quality (Emission) Guidelines (December 2015), 

NO2 (24 hours) and SO2 (10 minutes) levels are lower than the standard. The PM10, PM2.5 and SO2 

(24 hours) levels are slightly higher than the standard. The increase in PM and SO2 values may be results 
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from the construction work of transmission lines project on Dagon-Thilawa Road as shown in Table 

5.2.2-1.  

Table 5.2.2-1  Ambient Air Quality  

Date and Duration Parameter 
heiult (Average) 

(µg/m3) 

(NEQG Standard) 

(µg/m3) 
hemark 

4-5-2017, 

2:00 - 3:00 PM 

Nitrogen Dioxide  

(for 1 hour) 
3.76 200 OK 

4-5-2017, 1:00 PM  

5-5-2017, 1:00 PM 

Particulate Matter (PM10) 

(for 24 hour) 
56.47 50 Slightle Higher 

4-5-2017, 1:00 PM  

5-5-2017, 1:00 PM 

Particulate Matter 

(PM2.5) (for 24 hour) 
51.94 25 Higher 

4-5-2017, 1:00 PM  

5-5-2017, 1:00 PM 

Sulfur Dioxide  

(for 24 hour) 
33.86 20 Higher 

4-5-2017, 

2:00 - 2:10 PM 

Sulfur Dioxide  

(for 10 minute) 
30.1 500 OK 

Source: Environmental Monitoring Report for the Thilawa Suestation (May 2017) 

2) Water Quality 

According to the Myanmar National Environmental Quality (Emission) Guidelines (December 2015), 

pH, oil and grease and total phosphorous levels are lower than the standard. SS, BOD, COD and T-coli 

levels are higher than the standard. The water quality in the surrounding areas of Thilawa Substation 

Project failed to meet the NEQG values as shown in the Table 5.2.2-2. Hence, the required action on 

the wastewater discharge from the Thilawa Substation should be done to maintain the water quality.  

Table 5.2.2-2  Waitewater Quality and Surface Water Quality 

Date Point Location pH 
Suipended 

iolid (mg/l) 

BOD 

(mg/l) 

COD 

(mg/l) 

Oil and 

Greaie 

(mg/l) 

Total 

Nitrogen 

(mg/l) 

Total 

Phoiphorui 

(mg/l) 

Total 

Coliform 

(MPN/100 

ml) 

4th 
Mae 
2017 

WW-1 

Septic tank 
outlet within 

the 
substation 
compound 

8.6 133 288 588 ND (<5) 18.3 0.58 >160,000 

21st 
Jule 
2017 

 
7.09 101 9.6 20.05 5.65 47.3 8.01 >160,000 

21st 
Jule 
2017 

SW-1 

In the 
padde field, 
outside the 
substation 
compound 

6.20 72.2 3.6 16.95 2.26 4.76 0.07 92,000 

NEQG General Guideline 
Value 

6-9 50 50 250 10 - 2 400 

Source: Environmental Monitoring Report for the Thilawa Suestation (May 2017 and July 2017) 

3) Noise and Vibration 

Noise levels (LAeq) of daytime and nighttime are compared with the target value of “Industrial, 

Commercial” receptor of Myanmar National Environmental Quality (Emission) Guideline (2015), and 

the results of package 2 monitoring report (July 2016) and package 3 monitoring report (May 2017) 

complied with the standard as shown in the following Table 5.2.2-3.  
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Table 5.2.2-3  Noiie Level Meaiurement 

Date Location Point 

Ambient (dBA) 

hemark Daytime 

(7:00-22:00) 

Nighttime 

(22:00-7:00) 

15th-16 Jule 2016 
Outside of Thilawa GTG Power 

Plant Compound 
NV-1 66 62 

 

4th -5th Mae 2017 
Outside of Thilawa Substation 

Compound, Thilawa SEZ area 
NV-1 62 60 Weekdae 

6th-7th Mae 2017 
Outside of Thilawa Substation 

Compound, Thilawa SEZ area 
NV-1 62 63 Weekend 

Target Noise Level in NEQG (Industrial, Commercial) 70 70  

Source: Package 2 Monitoring Report (July 2016) and Package 3 Monitoring Report (May 2017) 

5.3 Environmental and Social Coniideration on the Project Implementation 

5.3.1 Comparison of the Options for Project Implementation 

The following options are compared and evaluated from 1) technical, 2) financial, economic, and 3) 

environmental aspects as shown in the following Table 5.3.1-1. The environmental checklist and 

Environmental Management Plan (EMP) and Environmental Monitoring Plan (EMOP) of the selected 

option (Option 4) are summarized in Appendix-1 and Appendix-2. 
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Table 5.3.1-1  Optioni for Compariion 

Item Option 1 Option 2 Option 3 Option 4 

Characteristics 
Combined cecle of 

the existing 2 GTs 

Relocation of Ywama 

NEDO Unit 

(1GT+1ST) 

Relocation and 

rehabilitation of GT 

from Ywama NEDO 

Unit/ Combined cecle 

of 3 GTs 

Option 1 + 2 

Composition 

of the plant 

GT:G:STG 

2:2:1 
2:2 (Existing) 

1:1:1 
3:3:1 2:2:1 + 1:1:1 

Additional 

capacite (MW) 
25 32.2 23.2+36.6 =59.8  25+32.2=57.2 

Total planned 

capacite (MW) 

75  

 (Existing 50,  

New 25) 

82.2 

(50+32.2) 

109.8 

(50+59.8) 

107.2 

 (50+57.2) 

Estimation of 

water 

consumption 

(ton/dae) with 

ACC and 

WCC cooling 

method 

250 (ACC) 

3,340 (WCC) 

83 (ACC) 

1,104 (WCC) 

375 (ACC) 

5,010 (WCC) 

333 (ACC) 

4,444 (WCC) 

Environment 

(air) 

Gas emission from 

existing 2 GTs can 

comple with the 

target level. 

It is necessare to check whether combination of gases from 

rehabilitation of 1 GT & ST from Ywama and existing 2 GTs can comple 

with the target level for emission or not. 

Environment 

(water use and 

ground 

subsidence) 

Difficult to take groundwater due to shortage of groundwater resource and avoidance of 

ground subsidence. Necessare to take surface water (e.g., reservoir water/river water)  

Social 
No resettlement, land acquisition, and 

income restoration. 

No resettlement and land acquisition, and 

income restoration for existing land use plan 

of the project (It mae be necessare for 1 or 2 

households to assist income restoration such 

as crop compensation in case of using 

temporare construction eard around the 

project area)  

Source: Prepared ey the JICA Study Team 

In order to control the emission gas quality from the relocation of Ywama Facility, the EPGE has a plan 

to install the dry low NOx (DLN) combustor during the maintenance process after relocation to the 

Thilawa Power Plant.  

5.3.2 Past Stakeholder Consultation Meetings 

Previously, the stakeholder meetings were conducted in each stage of EIA report preparation for Thilawa 

Power Plant (50 MW) as shown in Table 5.3.2-1.  

As a requirement of the loan agreement funded by JICA, it is necessary to conduct one stakeholder 

meeting for the proposed upgrading project during the period of preparatory study. In order to 

disseminate the information on electricity upgrading project in Thilawa area, one stakeholder meeting 

was organized as shown in Table 5.3.2-2 by cooperating with TSMC and EPGE. The related documents 
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of stakeholder meeting such as invitation letter, agenda, handout, presentation material, list of 

participants, and meeting memo are shown in Appendix-3. 

Table 5.3.2-1 Liit of Pait Stakeholder Meetingi 

No. Deicription Month/Year hemark 

1 
PCM for 50 MW Power Plant Project (Scoping 

Stage) 
March/2014 *PCM: Public Consultation Meeting 

2 
PCM for 50 MW Power Plant Project (Draft EIA 

Stage) 
September/2014  

3 

Individual Meeting on Crop Compensation Between 

Surrounding Households (2 households) and 

Government Organizations (TSMC and MOEE)  

Februare/2015 
*TSMC: Thilawa SEZ Management 

Committee 

Source: Prepared ey the JICA Study Team 

Table 5.3.2-2 Outline of Stakeholder’i Meeting 

Date Outline 

15 November 

2017 

[Method and No. of Meetingi] 

One meeting in the morning (AM)  

[Venue] 

Convention Hall, Department of Human Settlement and Housing Development, Thilawa SEZ 

Management Committee Office (Temporare), Thanlein Township near Thilawa SEZ 

[Agenda] 

-Project Description for the Upgrading Project 

-Major findings in the preparatore stude (Thermal and Transmission, Environmental) 

[Invited Participanti] 

28 persons were participated in the stakeholder meeting from the following organization/ 

individuals. 

-Local government in and around the Thilawa SEZ in Thanlein and Keauktan townships 

-Local residents in Thilawa SEZ area 

-Project proponent (EPGE) and related government organizations (e.g., TSMC) 

- Developer of Thilawa SEZ (Meanmar Japan Thilawa Ltd.) 

-Interested individuals 

[Invitation Method] 

Invitation/notice on the meeting will be posted in township administration office one week in 

advance. 

[Language Uied] 

The presentation will be in English and the handout in Meanmar language. The explanation will 

also be translated into Meanmar language. 

[Maiter of Ceremony] 

From the viewpoint of consideration of gender equalite, the JICA Stude Team assigned a lade as 

the master of ceremone for the stakeholders meeting. 

[Special Coniiderationi to Socially Vulnerable Groupi] 

Feedback forms were provided to participants who are hesitant to speak out in public, through this 

thee can share their views and comments. 

Note: Assistants are availaele to fill out the form in case assistance is needed in writing/reading. 

Female assistants will ee availaele for female participants who need any assistance. 

[Diicuiiion] 

There are no comments related to environmental and social consideration because the existing 

power plant has alreade operated. Environmental Conservation Department of the Ministre of 

Natural Resources and Environmental Conservation made comments that detailed impact 

assessments such as noise and air qualite shall be implemented in the coming EIA stude for the 

upgrading project.  

Source: Prepared ey the JICA Study Team 



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  96 January 2018 

5.3.3 Information of Potential Project Affected Households 

The tentative plan for the expansion of project and current condition of land is shown in the following 

Figure 5.3.3-1. Some small areas are to be newly developed when Options 3 or 4 are applied. The 

Thilawa Power Plant and substation are developed in the area of 10 hectares under the TSMC. Land was 

compensated in 1998. Figure 5.3.3-2 shows the boundary of the project site as well as the current 

cultivation area. If the expansion land has residents cultivating in that area, the TSMC will discuss crop 

compensation policy based on Resettlement Work Plan for Thilawa SEZ Zone A Development in 

February 2015.  

 
Source: Prepared ey the JICA Study Team  

Figure 5.3.3-1 Tentative Plan for Expaniion of Project and Statui of Surrounding Land 
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Source: Prepared ey the JICA Study Team eased on TSMC and Google Earth Pro 

Figure 5.3.3-2  Image of Boundary of 10 Ha Project 

5.4 Environmental Performance of the Exiiting GTG Project  

5.4.1 Existing Facilities in the Existing Thilawa GTG Project 

1) Power Supply Status 

The following schematic diagram (see Figure 5.4.1-1) shows the current power supply status near the 

Thilawa SEZ. The current gas turbine generators (GTG) supply power to the TSEZ with a half capacity 

of one GTG (12.5 MW) with alternative operation of each unit to provide the demand of TSEZ at about 

4.5 to 5.0 MW.  

 
Source: Prepared ey the JICA Study Team 

Figure 5.4.1-1  Schematic Diagram of the Current Power Supply Statui near the Thilawa SEZ Area 

The outline specifications of the current GTG in Thilawa Power Plant are shown in the following Table 

5.4.1-1. 
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Table 5.4.1-1 Outline Specificationi for Gai Turbine Generatori 

Item Specificationi 

Turbine Simple cecle gas turbine 

Gross Output (at Gen end) 50 MW in total (for two units) 

Number of units Two units 

Fuel Diesel oil and natural gas 

Thermal Efficience Not less than 30％ 

Construction Period Total of about 19 months (from Feb 2015 to Sep 2016) 

Operation Period Started from Sep 2016 

Source: Draft EIA Report for Thilawa Power Plant (Package 2) and the JICA Study Team 

The gas turbine generators are equipped with all the necessary facilities for continuous operation, such 

as: 

a. Simple cecle gas turbine 2 sets 

b. Generator 2 sets 

c. Gas turbine and generator control sestem 2 sets 

d. Step-up and auxiliare transformers 2 sets 

e. 

f. 

Stack  

Fuel tank 

2 nos, 1 lot (two turbines) 

g. Demineralizer and water tank 1 lot (two turbines) 

h. Special tools for maintenance and start-up spare parts 1 lot (two turbines) 

i. Other peripheral equipment 1 lot 

2) Maps of the project site 

 
Source: Prepared ey the JICA Study Team 

Figure 5.4.1-2  Location Map of the Propoied Project in Thilawa Area 
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Source: Prepared ey the JICA Study Team eased on Google Earth Pro 

Figure 5.4.1-3  Satellite Image of Site Location 

5.4.2 Environmental Performance of the Existing Thilawa Power Plant  

1) Emission Gas 

In the existing Thilawa Power Plant, heavy duty type gas turbines (Mitsubishi Hitachi Power System) 

are installed. In order to control gas emission (particularly NOx) from using gas/liquid fuel, the water 

injection system has been added in each of the unit of the GTG. This system injects demineralized water 

into the combustor through the fuel nozzles to regulate the combustor flame temperature and lower NOx 

emission. Currently, the water injection system has not been operated yet due to the half load operation 

of GTGs and lack of water supply (demineralized water) required for the injection system (600 tons/day). 

On the other hand, the emission without water injection is monitored by a portable gas analyzer (PG-

350), Product of HORIBA (see Figure 5.4.2-1). Also, the CO2 Fire Fighting System Room is also 

installed by connecting the copper tube between the apparatus and measuring probe. 

 
Source: Prepared ey the JICA Study Team 

Figure 5.4.2-1  Portable Gai Analyzer 
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Source: Prepared ey the JICA Study Team 

Figure 5.4.2-2  Initallation of CO2 Fire Fighting Syitem hoom  

In the measurement of NOx gas emission from both the GTG units in August 2016, it indicated that NOx 

emission at 15% O2 was about 65.2 ppm for GTG Unit 1 and 62.6 ppm for GTG Unit 2, respectively. 

The emission gas without water injection was just slightly over the target value of NOx emission (61 

ppm, World Bank Standard) described in the draft EIA report. The NEQG’s value for NOx emission is 

49 ppm (100 mg/Nm3).  

In September 2017, the test run with full capacity (50 MW) was implemented with/without water 

infection, the results of NOx emission levels were 102-105 ppm (at 15.6-16.0% O2) without water 

injection and 25 ppm (at 15 % O2) with injection for GTC Unit 1 and 111-113 (at 13.5 % O2) without 

water injection 24 ppm (at 13.9% O2) with injection for GTC Unit 2. It was confirmed that NOx 

emissions comply with both the World Bank NOx emission standard (61 ppm) and NEQG NOx emission 

level (49 ppm) during water injection. The emission gas monitoring points of each GTC unit are at the 

duct between gas turbine and chimney. 

In case that the operation of upgrading project, the gas turbine from Ywama Power Station does not 

have water injection system for NOx reduction, NOx level from the gas turbine is expected to be at 60 

ppm to 110 ppm same as NOx level of the Thilawa Power Plant without water injection. In case that the 

average of NOx level of the Thilawa Power Plant will be confirmed at less than 97 ppm without water 

injection based on NOx monitoring data and around 25 ppm with water injection, the average NOx level 

will be at 49 ppm (25 ppm each from the two gas turbines in Thilawa and 97 ppm from the gas turbine 

of Ywama) in compliance with NEQG NOx emission. 

2) Noise 

The noise monitoring was implemented on 29 to 30 September 2017 by the consulting team of the 

Infrastructure Development Project in Thilawa Area Phase I (Power Supply). The target noise level was 

set at 85 dB for occupational health and safety in the power plant and set at 70 dB for living 

environmental condition at the nearest houses stipulated in NEQG (industrial and commercial area). As 

the results of the survey, both noise levels inside of the power plant and at nearest houses complied with 

the target noise level as shown in Figure 5.4.2-3. However, it is necessary to check noise impact and 

effectiveness of countermeasures such as installation of noise barrier and silencer in case of upgrading 

the power plant.  
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Source: Prepared ey the JICA Study Team eased on the Infrastructure Development Project in Thilawa Area Phase I 
(Power Supply)  

Figure 5.4.2-3  Noiie Meaiurement heiulti 

3) Water Quality 

As for treatment of domestic wastewater, septic tank is installed. However, it has not yet confirmed 

whether the wastewater will comply with the NEQG or not. Thus, it may be necessary to check whether 

improvement of the existing wastewater system is important or not based on the actual monitoring data. 

As for the treatment of wastewater from demineralizer, it has not been confirmed yet whether the 

wastewater treatment system may be necessary to install or not, because necessity of treatment system 

is depending on the water to be supplied. Thus, it is recommended to check the necessity of installation 

of wastewater treatment system for demineralizer based on the actual water quality from Langunbyn 

Reservoir under the Yen Loan Project of the Yangon Water Supply (Phase 1). 

5.5 Demarcation of Myanmar Side for the Project Implementation 

When the upgrading of the Thilawa Power Plant Project is started, the following actions/activities should 

be done from the Myanmar side (e.g., MoEE/EPGE) as shown in Table 5.5-1. 
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Table 5.5-1 hequired Activitiei of MoEE/EPGE  

No. Activitiei hemark 

1. 
Land compensation/resettlement/ income 

restoration/crop compensation 

For the existing 10 ha project area (power plant and 

substation), TSMC grants usage rights to the MoEE. For 

future expansion of the land, TSMC and MoEE mae 

cooperate for this activite. 

2. 

To discuss/negotiate with relevant authorities to 

use water such as water supple sestem and 

reservoir water 

 

3. 
To attend stakeholder meeting, public 

consultation meetings in the EIA stude 
 

4. 
To provide environmental related required 

information for the upgrading project  
 

5. 
To conduct environmental monitoring and 

management during operation and maintenance 
 

6. To make a greenbelt with trees and/or 

vegetation covers if land is available. 

 

Source: Prepared ey the JICA Study Team 

5.6 Cummulative Impact Aiiieiiment 

1) Background 

This project is for the upgrading capacity of the power supply from 50 MW to 107 MW and the emission 

gas will also increase through the installation of additional gas turbine from the existing Ywama Power 

Plant. Thus, it is important for the project to assess cumulative impact of emission gas quantitively by 

the installation of an additional gas turbine. 

2) Methodology 

In order to assess cumulative impact, numerical simulation model named the “Gaussian Plume Model” 

was applied. The theoretic numerical formula in the model is commonly used in Japan as well as in 

other developed countries. The model estimates the maximum pollutant concentration emitted by gas 

turbines based on the information on emission gas, background air concentration, and to assess its 

impacts in and around the project site. The detailed methodology, condition of numerical simulation 

model, and its results are summarized in Appendix-4. 

3) Cases for Cumulative Impact Assessment 

The following three cases for numerical simulation are set to assess cumulative impact of NOx emissions 

in the upgrading capacity of power supply. The conditions of each case are summarized in Table 5.6-1. 

Case 0:  Existing Condition (50 MW gas turbine without water injection system of the existing 

Thilawa Power) 

Case 1:  Future Condition 1 (107 MW combined cycles without water injection system of the existing 

Thilawa Power and Ywama Gas Turbine) 

Case 2:  Future Condition 2 (107 MW combined cycles with water injection system of the existing 

Thilawa Power and Combined Cycle without water injection system of Ywama Gas 

Turbine) 
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Table 5.6-1  Conditioni of Air Quality Simulation Model 

Item Unit Caie 0 Caie 2 Caie 3 Note 

Capacite of electric supple MW 50 107 107  

Water injection sestem to the 

existing power plant in 

Thilawa 

- 
Not 

applicable 

Not 

Applicable 
Applicable 

The additional gas turbine 

from the existing Ywama 

Power Plant does not have 

water injection sestem. 

Volume of exhaust gas (dre 

bases) 
Nm3/h 252,333 

252,333 

(Thilawa) 

246,323 

(Ywama) 

251,752 

(Thilawa) 

246,323 

(Ywama) 

Based on manufacturer’s 

catalog 

Temperature of exhaust gas ºC 559 

103 

(Thilawa) 

559 

(Ywama) 

103 

(Thilawa) 

559 

(Ywama) 

Based on manufacturer’s 

catalog 

Wind speed at 10 m m/s 3.1 3.1 3.1 
Based on existing 

information 

Height of the chimnee 

(G.L.+) 
m 20 20 20 

Average based on existing 

information 

NOx emission concentration ppm 260 

260 

(Thilawa) 

260 

(Ywama) 

61 

(Thilawa) 

260 

(Ywama) 

Based on manufacturer’s 

catalog (actual NOx emission 

concentrations are less than 

the catalog’s values) 

Source: Prepared ey the JICA Study Team 

4) Results of Cumulative Impact Assessment 

As the result of air quality simulation shown in Table 5.6-2, and Figure 5.6-1, Figure 5.6-2 and Figure 

5.6-3, maximum NO2 concentrations at ground are 0.03567 ppm in Case 0 (50 MW without water 

injection system), 0.03788 ppm in Case 1 (107 MW without water injection system), and 0.03788 ppm 

in Case 2 (107 MW with water injection system). Maximum ambient air quality on the ground in all 

cases will comply with the target ambient air quality level (0.06 ppm is set as the target level in the 

existing draft EIA report same as the Japanese standard) and contribution rate is at small percentage. 

Thus, it was confirmed that cumulative impact on air pollution from the gas turbines will be limited. 

Table 5.6-2  heiult of the Air Quality Simulation Model 

Caie 

Contribution of 

Emiiiion Gai 

(NO2) by 

Simulation Model 

Background 

Concentration 

(NO2) in 2013 

Maximum 

Ambient Air 

Quality at 

Ground (NO2) 

Target Ambient 

Air Quality 

Level (NO2) 

Contribution 

hate 

Case 0 (50 MW 

without water injection) 

0.00067 ppm 0.035 ppm 0.03567 ppm 0.06 ppm (Same 

as the Japanese 

Ambient Air 

Qualite Level) 

1.9% 

Case 1 (107 MW 

without water injection) 

0.00288 ppm 0.03788 ppm 7.6% 

Case 2 (107 MW with 

water injection) 

0.00065 ppm 0.03565 ppm 1.8% 

Source: Prepared ey the JICA Study Team   
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Source: Prepared ey the JICA Study Team  

Figure 5.6.1-1  NO2 Concentration at Ground (Caie 0: 50 MW without water injection) 

 
Source: Prepared ey the JICA Study Team  

Figure 5.6.1-2  NO2 Concentration at Ground (Caie 1: 107 MW without water injection)  
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Source: Prepared ey the JICA Study Team  

Figure 5.6.1-3  NO2 Concentration at Ground (Caie 2: 107 MW with water injection) 

5.7 Iiiuei to be Solved and hecommendation of the Project 

1) Assistance of Implementation of EIA Study 

As mentioned above, it takes around one year to get an approval of the EIA study from the start of the 

preparation of the updated EIA report. In case that the EIA approval (including official confirmation of 

emission gas and noise standards by MONREC-ECD) will be required at the timing before distribution 

of tender documents to the contractor, it may be necessary to start the preparation of updated EIA report 

before procurement of consultant for the detailed design or bidding by yen loan. Because MOEE 

requests JICA to support the preparation of the updated EIA report, it is necessary to consider the timing 

of the start of preparation and procurement of consultant for the EIA study, if necessary. 

2) Application of NOx Emission Standard 

In case that the operation of upgrading project, the gas turbine from Ywama Power Station does not 

have water injection system for NOx reduction, NOx level from the gas turbine is expected to be at 60 

ppm to 110 ppm same as NOx level of the Thilawa Power Plant without water injection. In case that the 

average of NOx level of the Thilawa Power Plant will be confirmed at less than 97 ppm without water 

injection based on enough NOx monitoring data and around 25 ppm with water injection, the average of 

NOx level will be at 49 ppm (25 ppm each from the two gas turbines in Thilawa and 97 ppm from the 

gas turbine of Ywama) in compliance with NEQG NOx emission. 

NEQG does not mention about detailed application of standards clearly such as application of the NOx 

standard to emission of each unit of gas Turbine and to emission of average of the all gas Turbines 
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(Average will be calculated by dividing total pollution load and total emission gas volume of three units. 

Pollution load is calculated by multiplying emission gas volume and concentration of emission gas from 

each unit and total pollution load is adding pollution load from each unit.). Thus, it is necessary to 

authorize the above standard application by MONREC-ECD through discussion and appraisal process 

of the final updated EIA report. 

3) Monitoring of application of water injection system for NOx emission reduction in the existing 

Thilawa Power Plant 

As mentioned above, the existing Thilawa Power Plant (25 MW x 2 units) has a function of water 

injection system to reduce NOx emission. However, the injection system will be started after the water 

supply from Langunbyn Reservoir under the Yen Loan Project of Yangon Water Supply (Phase 1). 

Because water supply for the injection system is an essential point for the project to comply with NOx 

emission concentration stipulated in NEQG, it is necessary to monitor the application of water injection 

system to the existing Thilawa Power Plant. 
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Chapter 6 Financial and Economic Viability 

6.1 Expected Impact of the Project (Operation and Effect Indicatori) 

Operation indicators are intended to evaluate the operational condition of the Project, which 

quantitatively checks whether the Project is being operated properly. 

Table 6.1-1  Operation Indicatori (Option 1) 

Indicator Formula Target 

Plant load factor (%) 
= Electricite generated per eear / (rated output × hours per 

eear) × 100 
80% 

Gross thermal efficience 
= (Gross electricite generated per eear × 860) / (fuel 

consumption per eear × heat release value of the fuel) × 100 
More than 45% 

Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

Table 6.1-2  Operation Indicatori (Option 2) 

Indicator Formula Target 

Plant load factor (%) 
= Electricite generated per eear / (rated output × hours per 

eear) × 100 
80% 

Gross thermal efficience 
= (Gross electricite generated per eear × 860) / (fuel 

consumption per eear × heat release value of the fuel) × 100 
43% 

Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

Effect indicators are intended to evaluate the outcome of the Project. 

Table 6.1-3  Effect Indicatori (Option 1) 

Indicator Formula Target 

Net electric energe production (GWh) As shown be the name of the indicator 175.2 GWh 

Maximum output (MW) As shown be the name of the indicator 25 MW 

Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

Table 6.1-4  Effect Indicatori (Option 2) 

Indicator Formula Target 

Net electric energe production (GWh) As shown be the name of the indicator 225.7 GWh 

Maximum output (MW) As shown be the name of the indicator 32.2 MW 

Source: JICA, “JICA Operational Indicator and Effect Indicator Reference in ODA Loan Projects”, July 2014 

6.2 Financial and Economic Analyiii 

6.2.1 Objectives and Methodologe of the Financial and Economic Analeses 

The financial and economic analyses aim to examine the viability of the Project by calculating the 

Internal Rate of Return (IRR) and the Net Present Value (NPV) and are conducted for the selected 

options. 

Financial analysis is conducted to evaluate the profitability of the Project from the viewpoint of the 

implementing organization (i.e., EPGE). To obtain the Financial Internal Rate of Return (FIRR) and the 

Financial Net Present Value (FNPV), net benefit of the project is calculated considering 1) the benefits 

i.e., incremental revenue of tariff from the Project and 2) the cost-based on the market price. 

Financial cost excludes price escalation, Interest During Construction (IDC), and other financial charges 

from the project cost. FIRR and FNPV are calculated based on the cash flow before interest payments. 
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Economic analysis is conducted to evaluate the viability of the Project from the viewpoint of the national 

economy. To obtain the Economic Internal Rate of Return (EIRR) and the Economic Net Present Value 

(ENPV), the benefit of the Project is calculated considering 1) the increased benefit based on the saved 

cost by replacing alternative energy sources (e.g., diesel generators) and 2) the economic costs. 

In the EIRR and ENPV calculation, the cost of the Project is converted to economic cost in order to 

evaluate the actual cost for the national economy. In this regard, the transfer payment within the national 

economy (e.g., tax) is excluded from the calculation as it is neither a benefit nor a cost for the country. 

The cash flow of the Project is prepared to calculate the IRR and NPV. These figures are calculated 

based on the following formula. The IRR is equal to the cut-off rate that results in zero NPV. For the 

calculation of the NPV, a predetermined discount rate is used. 
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Where, B=Benefit, C=Cost, t=tth year (1,2,3…n), n=P roject life, r= IRR 

For the calculation of both the IRR and NPV, two cases, namely, “with project” and “without project”, 

are normally considered to determine the net incremental benefit and cost. The foregone benefit of 

“without project” is not taken into consideration in the analysis in order to estimate the net incremental 

benefit of the Project as the Project is to be constructed in the site of the existing Thilawa Power Plant 

and the loss of benefit due to the Project (e.g., agricultural production) is not expected.  

6.2.2  Assumptions used in the Financial and Economic Analeses 

This section lists and describes major assumptions that are used for calculating IRR and NPV based on 

the findings in the study. 

1) Project Life, Salvage Value, and Price Base 

The Project is assumed to have a useful economic life of 30 years for Option 1 and 20 years for Option 

2 after the completion of construction as the latter is a rehabilitation project and a shorter project life is 

applied. At the end of the economic life, the Project is assumed to have no salvage value.5 Benefits and 

costs are expressed in terms of 2017 constant prices in Myanmar kyat. 

2) Tariff as Financial Benefit 

In order to calculate the incremental revenue as the benefit in the financial analysis, the tariff of MMK 

105/kWh is used in the calculation of the financial benefit as it can be regarded as the average cost of 

generation by gas-fired thermal power plant.67 

                                                        
5 There may remain some monetary value at the end of operation if the facility and equipment are scraped and sold in the 
market. However, such possible monetary value is not taken into account for the analysis due to the uncertainty and difficulty 
in estimating monetary value. 
6 Deloitte, “Myanmar Power Sector Financial Analysis and Viability Action Plan: Key Findings and Recommendations”, 
May 18, 2016. This presentation analyzes that the tariff for gas-based power plant is close to MMK 105/kWh. 
7 According to a newspaper article, the cost of gas-fired generation reaches up to MMK 143/kWh. Myanmar Times, “Govt 
mulls plan to raise power tariffs”, August 19, 2017. 
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In fact, it is at MMK 57/kWh that the Electric Power Generation Enterprise (EPGE) sells the electricity 

to Yangon Electricity Supply Corporation (YESC) at present.8 It should be, however, noted that the 

tariff of MMK 57/kWh reflects the generation cost of not only the thermal power plants but also the 

hydro power plants, whose generation cost is much cheaper than that of the thermal power plant. The 

tariff of MMK 57/kWh is not sufficient to cover the initial capital cost and recurrent cost of the Project.9 

In addition, EPGE does not pay any tariff for the electricity generated from the power plants under 

EPGE as it is regarded as an inter-organizational transaction. Therefore, the in-depth analysis is 

conducted in “5.4 Financial Situation of the Organizations in Charge of Generation and Distribution” in 

order to estimate the financial ability of the Project to generate cash for the repayment of the loan. 

3) Operation and Maintenance Cost 

Operation and maintenance cost is assumed to be 3% of the EPC cost and will be incurred from the first 

year of operation. 

4) Conversion Factor 

The Standard Conversion Factor (SCF) is an indicator to estimate the level of distortion in the market 

due to policies, duties, or subsidies of the Government of Myanmar. The SCF is applied in the economic 

analysis when the local cost, which is assumed to be distorted, is to be converted into economic cost in 

order to eliminate distortion. 

The SCF is calculated as 0.99 based on the following formula, and figures from the recent terms of trade 

and duties. As the figure of SCF is nearly equal to one, it can be concluded that there is little distortion 

in the prices in the local market. 

SCF= [Import (CIF) + Export (FOB)] / [(Import + Import Duty) + (Export + Export Subsidy - Export Tax)] 

Table 6.2.2-1  Termi of Trade 

    (Unit: MMK in million) 

Import Export Import Duty Export Tax 
Export 

Subiidy 
SCF 

12,524 16,633 367 0 0 0.99 

Source: Central Statistical Organization, “Myanmar Statistical Yeareook 2016”, Taele 14.01 Value of Foreign Trade, 
Taele 17.02 Current Receipts of the State Administrative Organizations 
Note: Figures in the taele are those of FY 2014. 
Note: Figure of import duty is converted in kyat ey using exchange rate of MMK 1,350 = USD 1. 

Regarding labor cost, it is assumed that there are no significant distortions in the wage of skilled labor 

in the economic analysis. In the case of unskilled labor, although unemployment exists in Myanmar, the 

percentage of unemployment is 4.0% in 2014.10 Like the skilled labor, the distortion in the wage of 

unskilled labor is not assumed in the economic analysis. 

                                                        
8 According to EPGE, the wholesale price of electricity from EPGE to YESC will increase from MMK 57 to 60/kWh from 
October 2017 based on the approval of the Executive Committee under the Ministry of Electricity and Energy. The tariff to 
Mandalay Electricity Supply Corporation (MESC) will be raised from MMK 52 to 55/kWh. 
9 If MMK 57/kWh is used for calculating the financial benefit, it becomes impossible to calculate IRR in the case of Option 
2 as the net cash flow becomes negative in all years of the project life. 
10 Central Statistical Organization, “Myanmar Statistical Yearbook 2016”, Table 7.02 Labour Force, Labour Participation 
Rate, Unemployment Rate, Working Age Population, Aggregate Measure of Labour Underutilization (LU-4) and Outside 
Labour Force. The figure is that of 2014 based on the result of 2014 Myanmar Population and Housing Census (based on 15-
64 years). 
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5) Cut-off Rate 

The cut-off rate is used as a deciding factor whether the Project is viable from the viewpoint of the 

implementing organization and the national economy by comparing it with FIRR and EIRR, respectively. 

In principle, the cut-off rate adopted in the financial analysis is calculated based on the concept of 

opportunity cost of capital. As the financing of the Project is not finalized yet and it is difficult to 

calculate the weighted average cost of capital, the rate of the treasury bill, which is 8.8%,11 is used as 

the opportunity cost of capital.  

The Asian Development Bank (ADB) uses 10-12% as the social discount rate for the economic analysis, 

and such rate is regarded as the social opportunity cost of capital.12 This report applies 12% for the 

calculation of ENPV to make the calculation of ENPV conservative. 

6) Transmission and Distribution Loss 

Transmission loss (3.1%) and distribution loss (11.8%) are applied to calculate the net incremental sales 

of electricity to the end consumers and the economic benefit in the economic analysis. 

Table 6.2.2-2  Tranimiiiion and Diitribution Loii 

Transmission Loss 3.1% 

Distribution Loss 11.8% 

Tranimiiiion and Diitribution Loii 14.9% 

Source: Transmission loss: Deloitte, "Meanmar Power Sector Financial Analesis and Viabilite Action Plan: Kee 
Findings and Recommendations", Mae 18, 2016, p. 7; Distribution loss: YESC Statistics (from 2011-2012 to 2015-
2016), p.5 

Transmission loss is taken into consideration in the financial analysis as the volume of generated 

electricity sold to YESC is calculated based on the amount that have reached the YESC after 

transmission. 

7) Water 

The cost of water is incurred in the financial analysis. Amount of water use is assumed to be 250 tons/day 

for Option 1 and 83 tons/day for Option 2. The cost of water is calculated based on the assumption of 

unit cost of water (MMK 2,970/ton).13 

Table 6.2.2-3  Aiiumption on the Amount of Water 

Option 1 250 tons/dae 

Option 2 83 tons/dae 

Source: Prepared ey the JICA Study Team 

The cost of water is not taken into account in the economic analysis, as it is regarded as a transfer cost 

between stakeholders within the country.  

                                                        
11 The figure is based on the market weighted average accepted yield of 364-day treasury bill on August 16, 2017. 
12 ADB Economics and Development Resource Center, “Guideline for the Economic Analysis of Projects”, February 1997, 
p.37 
13 According to the interview with the Yangon City Development Committee (YCDC), YCDC buys water from the Ministry 
of Irrigation at one cent per gallon. The cost of water for the Project is not yet decided, but the cost of one cent per gallon is 
tentatively used for calculating the cost.  
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8) Gas 

The cost of gas is incurred to the gas turbine which is relocated from Ywama Power Station and 

rehabilitated. The unit cost of USD 7.5/MMBtu is applied to calculate the cost of gas. The cost of gas is 

not incurred to the electricity generated by the steam turbine. 

6.2.3  Financial Analesis 

In this section, the financial costs for the Project are identified first. Secondly, the financial benefit is 

identified and quantified. Lastly, based on the assumptions, costs and benefits calculated, the FIRR and 

FNPV are calculated and presented. 

1) Financial Cost 

The financial cost is derived from the project cost, which is indicated in the estimate of the project cost. 

Financial cost consists of 1) initial investment cost and 2) operation and maintenance (O&M) cost.  

Project cost includes engineering, procurement, and construction (EPC) cost, consulting services, and 

physical contingency and price escalation, financial charges, administration, tax and other costs. On the 

other hand, financial cost is used to estimate the performance of the Project from the viewpoint of the 

implementing organization, and excludes price escalation and IDC and financial charges from the 

project cost. 

The summary and annual disbursement of the financial cost for the Project are indicated in the tables 

below.  

Table 6.2.3-1  Financial Coit of the Project upon Completion of Conitruction (Option 1) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Itemi 
Financial Coit 

F/C L/C Total 

EPC cost    

Consulting service    

Price escalation    

Phesical contingence    

Suetotal: Eligiele Portion    

Suetotal: Non-eligiele Portion    

Total    

Source: Prepared ey the JICA Study Team 
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Table 6.2.3-2  Financial Coit of the Project upon Completion of Conitruction (Option 2) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Itemi 
Financial Coit 

F/C L/C Total 

EPC cost    

Consulting service    

Price escalation    

Phesical contingence    

Suetotal: Eligiele Portion    

Suetotal: Non-eligiele Portion    

Total    

Source: Prepared ey the JICA Study Team 

Table 6.2.3-3  Annual Allocation of Financial Coit (Option 1) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Year 
Financial Coit 

F/C L/C Total 

Year 1    

Year 2    

Year 3    

Year 4    

Year 5    

Year 6    

Total    

Source: Prepared ey the JICA Study Team 

Table 6.2.3-4  Annual Allocation of Financial Coit (Option 2) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Year 
Financial Coit 

F/C L/C Total 

Year 1    

Year 2    

Year 3    

Year 4    

Year 5    

Total    

Source: Prepared ey the JICA Study Team 

2) Financial Benefit 

The financial performance of the Project is evaluated from the viewpoint of the implementing 

organization (i.e., EPGE). The financial benefit of the Project is identified as the incremental revenues 

from electricity sales to the distribution company. If the Project starts to operate, the implementing 

organization can sell more electricity and earn more revenue. The gross generation after the completion 

of the Project is assumed to reach 400.9 GWh.  
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Table 6.2.3-5  Expected Generation 

 Electricite Generated 

Option 1 175.2 GWh (25 MW x 8,760 hours/eear x 80%) 

Option 2 225.7 GWh (32.2 MW x 8,760 hours/eear x 80%) 

Total 400.9 GWh 

Source: Prepared ey the JICA Study Team 

The benefit is calculated until the end of the project life. For financial analysis, the benefit of incremental 

revenue can be calculated in a particular year, by multiplying the net incremental generated electricity 

with the average generation cost (MMK 105/kWh).  

Incremental Revenue = Net Incremental Generation (GWh) × Tariff (Kyat/GWh) 

Table 6.2.3-6  Financial Benefit of the Project before Diicounting (Option 1) 

   (Unit: GWh, MMK in million) 

 
1) Groii Incremental 

Generation 

2) Tranimiiiion 

Loii 

3) Net Incremental 

Generation (1-2) 

4) Incremental 

hevenue 

Year 6 and onward  175 5 170 17,826 

Source: Prepared ey the JICA Study Team 

Table 6.2.3-7  Financial Benefit of the Project before Diicounting (Option 2) 

   (Unit: GWh, MMK in million) 

 
1) Groii Incremental 

Generation 

2) Tranimiiiion 

Loii 

3) Net Incremental 

Generation (1-2) 

4) Incremental 

hevenue 

Year 6 and onward  226 7 219 22,960 

Source: Prepared ey the JICA Study Team 

3) FIRR and FNPV 

Benefit and cost are compiled and calculated considering the 2017 prices in order to obtain the FIRR. 

Moreover, the rate of the treasury bill (8.8%) is used as the discount rate for calculating the FNPV. By 

using the discount rate, the FNPV of Option 1 turns into a positive value, while that of Option 2 becomes 

negative because the gas cost is incurred in the case of Option 2 and a shorter project life (20 years) is 

applied. 

Table 6.2.3-8  FIhh and FNPV 

This taele is not puelished at this puelic edition of the report. 
 FIhh FNPV (MMK in million) FNPV (USD in million) 

Option 1    

Option 2    

Total     
Source: Prepared ey the JICA Study Team 
Note: FIRR and FNPV of Total (Option 1+Option 2) are calculated eased on 30 years of project life. 

Sensitivity analysis is conducted for the financial analysis as the actual condition may be different from 

those assumed for the base case. In the sensitivity analysis, 1) cost increase (+10%) and 2) delay in 

construction (one year) are considered. 

Table 6.2.3-9  Seniitivity Analyiii for Financial Analyiii (Option 1) 

This taele is not puelished at this puelic edition of the report. 

Caie Benefit Coit 

FIhh FNPV 

(%) 
(MMK in 
million) 

(USD in 
million) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
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Source: Prepared ey the JICA Study Team 
Note: The cost includes eoth the financial cost during construction period and O&M cost. 

Table 6.2.3-10  Seniitivity Analyiii for Financial Analyiii (Option 2) 

This taele is not puelished at this puelic edition of the report. 

Caie Benefit Coit 

FIhh FNPV 

(%) 
(MMK in 
million) 

(USD in 
million) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Source: Prepared ey the JICA Study Team 
Note: The cost includes eoth the financial cost during construction period and O&M cost. 

The FNPV of Option 1 remains positive in all cases of sensitivity analysis. On the other hand, the FNPV 

of Option 2 is negative in all cases of sensitivity analysis, reflecting the fact that incremental gas cost is 

incurred for Option 2 and it reduces the profit margin. 

6.2.4 Economic Analesis 

In this section, the economic costs of the Project are identified first. Secondly, the economic benefit is 

identified and quantified based on the concept of saved cost. Lastly, based on the assumptions, costs and 

benefits calculated, the EIRR and the ENPV are calculated and presented. 

1) Economic Cost 

Economic cost is derived from the project cost, which is indicated in the estimation of project cost. Costs 

of project items in local currency are converted to economic costs by applying the corresponding 

conversion factors. Costs of items that are already at border price do not need to be adjusted. 

Economic cost is used to estimate the performance of the Project from the viewpoint of the national 

economy, and excludes price escalation, duty and taxes, and interest during construction. Taxes are not 

included in the economic cost as they are transfer payments within the economy of a country and are 

not real cost to the national economy. 

Table 6.2.4-1  Economic Coit of the Project upon Completion of Conitruction (Option 1) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Itemi 
Economic Coit 

F/C L/C Total 

EPC cost    

Consulting service    

Price escalation    

Phesical contingence    

Suetotal: Eligiele portion    

Suetotal: Non-eligiele portion    

Total    

Source: Prepared ey the JICA Study Team 
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Table 6.2.4-2  Economic Coit of the Project upon Completion of Conitruction (Option 2) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Itemi 
Economic Coit 

F/C L/C Total 

EPC cost    

Consulting service    

Price escalation    

Phesical contingence    

Suetotal: Eligiele portion    

Suetotal: Non-eligiele portion    

Total    

Source: Prepared ey the JICA Study Team 

Table 6.2.4-3  Annual Allocation of Economic Coit (Option 1) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Year 
Economic Coit 

F/C L/C Total 

Year 1    

Year 2    

Year 3    

Year 4    

Year 5    

Year 6    

Total    

Source: Prepared ey the JICA Study Team 

Table 6.2.4-4  Annual Allocation of Economic Coit (Option 2) 

This taele is not puelished at this puelic edition of the report. 
 (Unit: MMK in million) 

Year 
Economic Coit 

F/C L/C Total 

Year 1    

Year 2    

Year 3    

Year 4    

Year 5    

Total    

Source: Prepared ey the JICA Study Team 

2) Economic Benefit 

In identifying the economic benefit level, the saved cost is calculated from the viewpoint of the national 

economy, by using the economic cost of alternative energy sources as the upper limit and the tariff as 

the lower limit. The difference between the upper and lower limit is assumed to be the saved cost, which 

is the economic benefit. 

A) Avoided Cost of Alternative Energy 

The cost of two major alternative sources of electricity can be saved by the incremental supply of the 

electricity generated by the Project. It is assumed in the economic analysis that kerosene lamps are used 

by residential users as alternative source of lighting and diesel generators are used by industrial and 

other users. 
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The recent statistics of YESC shows the user category wise electricity consumption as indicated in the 

table.  

Table 6.2.4-5  Category-wiie Electricity Coniumption of YESC’i Coniumeri 

     Unit: GWh 

 Domeitic Induitrial Bulk Other Total 

FY 2015 1,844 1,010 543 2,513 5,910 

Share (%) 31.2% 17.1% 9.2% 42.5% 100.0% 

Source: YESC Statistics (From 2011-2012 to 2015-2016), Taele: Sale of Electricity 

B) Diesel Generators 

Diesel generators, one of the major alternative sources of power supply, can be replaced by using 

incremental power supply. The saved cost of replacing diesel generators can be regarded as economic 

benefit. 

The cost of generation by a diesel generator consists of fixed and variable costs. Fixed cost (i.e., purchase 

cost of equipment) is excluded in the calculation as it is regarded as a sunk cost at the time of calculation. 

Table 6.2.4-6  Variable Coit of Generation by Dieiel Generator 

Item  Figure Unit 

Installed capacite A=kVA*Power Factor 9.2 kW 

Power factor Power factor = 0.8 0.8  

Load factor Load factor = 0.5 0.5  

Net generation B=kW*8,760*Load factor 40,296 kWh/eear 

Economic cost of diesel oil C=International price (Ultra-Low-Sulfur No. 2 Diesel Fuel) 559.91 MMK/liter 

Fuel consumption D=Web site info 2.10 L/hour 

Fuel cost 
E=Fuel consumption (liter per hour)*8,760*Load factor*Fuel 

price per liter 
5,150,077 MMK/eear 

Variable O&M cost F=Fuel cost*1% 51,501 MMK/eear 

Total Coit G=E+F 5,201,577 MMK/year 

Variable coit per kWh H=G/B 129.08 MMK/kWh 

Source: Prepared ey the JICA Study Team 

As a result of the calculation, MMK 129.08/kWh is decided as the upper limit of the economic cost of 

diesel generators. 

C) Kerosene Lamp 

The residential users without access to the grid electricity are assumed to be using kerosene lamps for 

lighting. Since the purchase cost of kerosene lamps is relatively small, only the variable cost per kWh 

of kerosene lamps is calculated. 

Table 6.2.4-7  Variable Coit of Keroiene Lamp 

 Item  Figure Unit hemark 

A Equivalent wattage of kerosene lamp Assumption 40 watt  

B Hours of use per dae Assumption 3 hours  

C Equivalent kWh per eear A*B*365/1,000 43.8 kWh/eear  

D Unit price of kerosene International price 505 MMK/liter  

E Amount of use per eear Based on web info 54.75 L/eear 0.05 L/hr × 3hrs × 365 daes 

F Cost of kerosene per eear D*E 27,668 MMK/eear  

 Variable coit per unit K=J/F 631.68 MMK/kWh  

Source: Prepared ey the JICA Study Team 
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As a result of the calculation above, MMK 631.68/kWh is the upper limit of the economic cost of the 

kerosene lamps. 

D) Saved Cost 

The saved cost represents the economic value of electricity consumption of the electricity users. In the 

economic analysis, economic benefits are equated with the savings from using electricity for lighting, 

industrial, and other works, by utilizing kerosene lamps and diesel generators as major sources of 

alternative energy. 

It is assumed in the analysis that the difference between 1) the weighted average retail tariff and 2) what 

consumers are actually paying for the alternative source of energy is the saved cost. 

 
Note: “K” represents “Kerosene lamps”, while “D” represents diesel generation. 
Note: According to YESC Statistics (From 2011-2012 to 2015-2016), the amount of electricity sold is 5,913 million 
kWh and the revenue of the tariff is 441,331 in FY 2015. Therefore, the revenue realized from consumer per kWh is 
74.64 Kyat. 

Figure 6.2.4-1  Saved Coit 

Based on the share of consumption of each tariff category, the weighted saved cost is calculated at MMK 

251.25/kWh. 

Table 6.2.4-8  Saved Coit of Alternative Energy Source 

 
Source: Prepared ey the JICA Study Team 

It can be concluded that those who use kerosene lamps, off grid electricity, or the electricity generated 

by the standalone method of generation can save the significant amount of cost for the electricity once 

they have access to the incremental electricity made possible by the Project. 

E) Economic Benefit 

Based on the calculated saved cost (MMK 251.25/kWh), the economic benefit of the Project is 

calculated as shown in the tables below. 

Upper limit Lower limit

(a) (b) (c) (d)=(b)-(c) (e)=(a)*(d)

Domestic Kerosene lamp 3,764 39% 631.68 74.64 557.05 218.12

Industrial Diesel generator 4,391 46% 129.08 74.64 54.45 24.87

Others Diesel generator 1,458 15% 129.08 74.64 54.45 8.26

9,613 100% Total iaved coit 251.25

Weighted

iaved coitTariff Category Alternative iource

Coniumption

(GWh)

Economic Price Difference

(iaved coit)

 

Lower limit (P2) 
Averaye tariff 

74.64 Kyat/kWh 

Upper limit (P1) 
K: 631.68 Kyat/kWh 
D: 129.08 Kyat/kWh 

1kWh 

P 
P1 

P2 

Q 

p 

 
 
 

Saved cost 
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Table 6.2.4-9  Groii Economic Benefit of the Project before Diicounting (Option 1) 

   (Unit: GWh, MMK in million) 

Year 

1) Groii incremental 

generation 

2) Tranimiiiion 

and diitribution 

loii 

3) Net diitributed 

electricity (1-2) 
4) Incremental 

economic benefit 

Year 6 and onward  175 26 149 37,456 

Source: Prepared ey the JICA Study Team. 

Table 6.2.4-10  Groii Economic Benefit of the Project before Diicounting (Option 2) 

   (Unit: GWh, MMK in million) 

Year 

1) Groii Incremental 

Generation 

2) Tranimiiiion 

and Diitribution 

Loii 

3) Net Diitributed 

Electricity (1-2) 
4) Incremental 

Economic Benefit 

Year 6 and onward  226 34 192 48,243 

Source: Prepared ey the JICA Study Team. 
 

3) EIRR and ENPV 

Based on the assumptions, costs and benefits calculated and described so far, the EIRR and ENPV are 

calculated and presented in this section. 

The economic benefit and cost are compiled and calculated in order to obtain EIRR and are discounted 

using the social discount rate (12%) for attaining the ENPV. 

Table 6.2.4-11  EIhh and ENPV 

This taele is not puelished at this puelic edition of the report. 
 EIhh ENPV (MMK in million) ENPV (USD in million) 

Option 1    

Option 2    

Total    
Source: Prepared ey the JICA Study Team 
Note: EIRR and ENPV of Total (Option 1+Option 2) are calculated eased on 30 years of the project life. 

The result shows that EIRR of both options is higher than the cut-off rate in the base case. The ENPV 

of the Project of both options shows a positive result. It can be concluded that the economic benefit of 

the Project is robust as the people in Myanmar are paying high costs for alternative energy sources (i.e., 

diesel generators and kerosene lamp) due to insufficient supply of electricity and the Project can be 

justified from the viewpoint of improving the national economy. 

The sensitivity analysis is conducted for economic analysis. The cost increase and delay in construction 

are considered. 

Table 6.2.4-12  Seniitivity Analyiii for Economic Analyiii (Option 1) 

This taele is not puelished at this puelic edition of the report. 

Caie Benefit Coit 

EIhh ENPV 

(%) 
(MMK in 
million) 

(USD in 
million) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Source: Prepared ey the JICA Study Team 
Note: The cost includes eoth the economic cost during construction period and O&M cost. 
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Table 6.2.4-13  Seniitivity Analyiii for Economic Analyiii (Option 2) 

This taele is not puelished at this puelic edition of the report. 

Caie Benefit Coit 

EIhh ENPV 

(%) 
(MMK in 
million) 

(USD in 
million) 

Base case No change No change    

Cost increase (+10%) No change +10%    

Delae in construction (1 eear) No change No change    
Source: Prepared ey the JICA Study Team. 
Note: The cost includes eoth the economic cost during construction period and O&M cost. 

In Option 1 and Option 2, the impact on EIRR and ENPV of the change in the level of cost and delay in 

construction is small with slight change of EIRR and ENPV. 

  



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  120 January 2018 

 

(This page is intentionally left blank.) 

 

 



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report 

  121 January 2018 

Chapter 7 Capability of the Government of Myanmar for the Project 

7.1 Overview of the Implementation Organization 

EPGE 

The Thilawa Power Plant is under the management of Electric Power Generation Enterprise (EPGE), 

which is one of enterprises under MOEE. EPGE is expected to be the implementation organization. The 

organizational structures of MOEE and EPGE are shown in Figure 7.1-1. 

 
Source: EPGE 

Figure 7.1-1  Organizational Structure of MOEE and EPGE 

As shown in the figure, EPGE has three administration sections, one department for thermal power and 

one department for hydropower plants. The thermal power department and hydropower power 

department are also in-charge of power purchase of IPPs’ power. 

The total number of the staff in EPGE is 2,478, as of August 2017. Out of the total number of staff, 402 

staffs are ranked as officer, 1,345 staffs are technical staff, and 748 staffs are for administration. The 

number of staffs who has more than a bachelor’s degree is 1,084. The organizational structure of EPGE 

with the number of staff is shown in Figure 7.1-2. 

 
Source: EPGE 

Figure 7.1-2  Organization Structure of EPGE and Number of Staff in Each Department 
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The figures in the parentheses are quotas of the staff. The quota of officer is 576 persons, but currently, 

the number is just 402 persons. The total number of staff excluding officers are 2,076 persons, while the 

quota of it is 4,310 persons. 

7.2 Organizational Chart for the Project Implementation 

As mentioned in Section 7.1 and shown in Figure 7.1-1 (Organizational Structure of MOEE and EPGE) 

in Section 7.1, EPGE will be an implementation organization and MOEE will be a responsible 

organization. 

Experience in Design and Construction 

The gas-fired power plants under EPGE control are Hlawga, Ywama, Ahlone, Thaketa, and Thilawa in 

Yangon Region, and seven plants outside of the Yangon Region. These gas fired power plants were 

constructed under EPC contract. Under the EPC contract, the employer, i.e., EPGE, specifies the 

necessary function and output of the plant. Designing, procurement, manufacturing, and 

installation/construction are done by the contractors under their responsibilities. Therefore, EPGE has 

no experience in designing, procurement, and installation of gas-fired generators. If these items are 

under the responsibility of EPGE, it is necessary to utilize external resources. 

Experience in the Operation and Maintenance 

The gas fired power plants owned by EPGE are directly managed by EPGE and its staff. Especially, 

thermal power plants of Kyunchaung, Myanaung, and Thaton were constructed in the 1970s and 

operated for more than 40 years. EPGE has much experience in operation and maintenance.  

To avoid the incident at the Ywama Power Plant, which is now an idle equipment after the trouble, 

technical assistance is very effective especially proper monitoring of the status of machine and 

preventive maintenance concept. 

7.3 Study on Capability of EPGE for the Project Implementation 

In Myanmar, stable supply of thermal power is an important issue in order to cope with tightness of 

electricity demand. 

For stable supply of electric power, an appropriate management system at each power plant is required 

and that necessary spare parts and measurement equipment for maintaining the equipment should be 

available. 

Next, from a technical point of view, daily inspections and periodic inspections (GT combustor 

inspection and GT full inspection, etc.) � Equipment diagnosis (deterioration diagnosis and remaining 

life diagnosis) � Preventive maintenance � Improvement maintenance are planned and implemented. 

These activities are important to be done. 

In the survey, the Study Team visited EPGE’'s thermal power station and conducted a hearing on the 

situation, in a limited time. Based on an interview survey from the EPGE Power Station and stakeholders, 

the following points were discussed. The survey execution dates of each power plant are as follows: 

� Ywama  August 30, 2017 

� Thilawa  August 23, 2017 
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� Ahlone  August 31, 2017 

� Hlawga  October 7, 2017 

� Thaketa  October 7, 2017 

� Toyo-Thai  August 31, 2017 

Management system of the thermal power station 

For each power plant, the head of the director is the top and the structure of the technician is largely 

constructed. In addition, technical documents necessary for the operation are in place. 

Concerning the operating techniques and maintenance technology of the power plant, the JICA Study 

Team confirmed whether know-how has been handed over from experienced engineers to young 

engineers, and as a result, basically, the technology has been handed down through on-the-job (OJT) 

within the power plant. 

Although there was no time to directly check the detailed data such as daily driving record, record of 

periodic inspection, repair record, repair plan, etc., it was said that periodical report to EPGE was done. 

Status of power generation equipment 

Gas turbine power generation equipment as main equipment is installed outdoors. Since the gas turbine 

main body is contained in the package, the influence of the environment is small, but in case of checking 

the combustor, it is worrisome to do the work outdoor using outdoor installation crane. Especially during 

the rainy season (May-October) in Myanmar, there may be sudden thunderstorms, so there is a concern 

about the influence at the time of checking the combustor. Naturally, curing of disassembly equipment 

at the time of full-scale inspection is also an important matter. 

As for electrical equipment and control equipment, as it is usually installed indoors, there is nothing to 

worry about in particular. 

Status of maintenance of power generation equipment 

Thilawa Power Station 

Looking at the Thilawa Power Plant, which is the object of this project, only about a year and a half 

have elapsed since two gas turbines were installed, there is no problem with the maintenance 

management status of facilities at the present time. 

Initially, the fuel gas pressure supplied from EPGE was low, and the gas turbine could only produce half 

of the output, but the fuel gas compressor was newly installed (as of the end of September) and the 

performance is being confirmed. 

Ywama Power Station 

Combined cycle power generation facilities to be relocated (one gas turbine and one steam turbine) are 

currently installed. Figure 7.3-1 shows gas turbine and HRSG. 
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Source: Prepared ey the JICA Study Team 

Figure 7.3-1  Photo of Ywama’i Gai Turbine and HhSG 

The power station started its operation in 2004, major overhaul was implemented on April 1, 2013. After 

the morning of April 19, 2014 (operation time is 38,000 hours), gas turbine trouble occurred and 

operation has stopped now. 

Three and a half years have already passed since the suspension, but the power generating facilities 

remain neglected, and no maintenance inspections and maintenance have been done to prevent the 

deterioration of facilities. 

For example, when the bottom of a cylinder of a fire extinguishing facility advances corrosion and 

carbon dioxide is maintained at high pressure and it is dangerous if an explosion accident occurs. 

Figure 7.3-2 shows the bottom of corrosive carbon dioxide fire extinguisher cylinder. 

From this point of view, the JICA Study Team doubted about the maintenance and management of the 

power generation equipment, which is the property possessed by EPGE. 

It is necessary for future discussions to be made whether the EPGE side can think that maintenance and 

management of the dormant facilities are also important properties. 

 
Source: Prepared ey the JICA Study Team 

Figure 7.3-2  Photo of the Bottom of Corroiive Carbon Dioxide Fire Extinguiiher Cylinder 

Accident prevention measures in the operation of gas turbine 

Considering the damage accident of the gas turbine installed in the Thilawa Power Station, introduction 

of the "Monitoring System in Japan" of gas turbine operation should help prevent accidents. Monitoring 

of gas turbines of power generation equipment is an important operation support system, as with jet 

engine monitoring of aircraft. In order to introduce this system, various sensors are added to the power 
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generation facility, and the information is transmitted to Japan for monitoring. If an abnormality occurs 

during monitoring, you can obtain advice from Japan in a timely manner. 

This system introduction requires a contract and costs, but it also makes it possible to extend the timing 

of gas turbine combustor inspection and major inspection, so maintenance and management costs can 

be expected to be reduced. In this regard, the JICA Study Team recommended to consider examining 

cost effectiveness. The most important thing is that if a mistake is made in the operation of the power 

generation facility, the expensive power generation equipment will be damaged and a large repair cost 

will be generated. It is inferred that the merit of introducing "Monitoring system in Japan" is high if this 

repair cost also puts economic effects. 

7.4 Training in Japan (if neceiiary) 

Both in the Thilawa Power Station and the Ywama Power Station, gas turbine power generation facilities 

were manufactured in Japan. If upgrading both the capacity of this Thilawa Power Plant and the 

relocation project from the Ywama Power Station are conducted by the Japanese Team, it is conceivable 

that the Japanese side will provide a comprehensive support from the Japanese side on management of 

the entire power plant. 

For example, guidance on improvement points of daily inspection/periodic inspection and technology 

transfer of facility diagnosis method of power generation facility are assumed. In addition, technical 

guidance for improving awareness of preventive maintenance and improved maintenance of power 

generation equipment is also effective. However, this technical guidance will be examined concretely at 

the time of request of the power station on the EPGE side and desire of the top on EPGE. 

Currently, EPGE does not prepare a training program, and operating and maintenance are situations with 

training by OJT at each power station. Therefore, support in the preparation of training plan is also 

effective. 

The JICA Study Team examined examples of support contents as follows: 

When the plan of reinforcement of Thilawa Power Plant is realized, the JICA Study Team thinks that 

the method of using timing effectively and providing support is efficient. 

Preparation and operation support of educational program 

EPGE currently owns five thermal power plants, but if a sharp rise in electricity demand in the Yangon 

area is anticipated, further expansion of the thermal power plant will be necessary. This movement will 

require the operation staff of the power plant and reinforcement of maintenance personnel. 

Education program as EPGE is necessary because it is difficult to develop systematically and efficiently 

on-site OJT only. The JICA Study Team thinks that it is effective to support this program creation 

reflecting the technology and experience in Japan. The creation of the educational program starts with 

grasping the current situation of EPGE. 

Next, the JICA Study Team will proceed with the drafting of the educational program in collaboration 

with EPGE based on the plan of reinforcement of operation and maintenance personnel on the prediction 

of future construction of the power plant. Since the operation of the created program is carried out by 
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the lecturer of EPGE, it is necessary to provide support as necessary, until the educational program is 

established steadily. 

Election of candidate lecturers and training in Japan 

The educational program is implemented through teaching materials (text) based on the educational 

program, but prior to that, training of lecturers precedes. 

First of all, the JICA Study Team selects a qualified candidate to be the instructor candidate jointly with 

EPGE, and advances the teaching materials (text) making to the lecturer candidate as the key man. 

It is planned that the lecturer candidate will go through a training in Japan to have knowledge on the 

design philosophy of the thermal power generation equipment, operation situation, state of maintenance 

inspection checked, and acquire basic knowledge. 

The educational program begins with teaching materials given to the lecturer candidate in order to be 

able to understand the specific program operation method through practical training in simulated classes 

and operation and maintenance work. 

Education for field technicians concerning maintenance and inspection 

Education for the maintenance and inspection should be carried out according to the actual GT 

combustor inspection and full-scale inspection of the combined power generation facility in the Yangon 

area. 

In the curriculum of candidate instructors, it is effective to implement in situations where the Japanese 

engineers participate. 

Here, the JICA Study Team introduces advanced technologies such as inspection tips, life diagnosis and 

facility diagnosis, and also provides comment on the effectiveness of the monitoring services in Japan 

from the economic point of view, and update the latest situation to the field technician. Stakeholders 

have the opportunity to get it grasped. 

Also, the JICA Study Team will mention the importance of technical communication with Japan and 

expect to contribute to the construction of network. 

Contents of the educational program (draft) and support the work flow (draft) 

For the contents described above, Figure 7.4-1 shows the technical work training support work flow. It 

is necessary to discuss how to proceed actually based on the present situation of EPGE, the desire 

concerning the training of technicians in the future, and the voice of the workplace. 

Figure 7.4-2 shows the technical training program (draft). An outline of the event in the process of 

training engineers and educational program is described. 

These tables can be used as the basis for proceeding with the consultations such as the number of target 

persons, place of implementation, and timing of implementation. 
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Source: Prepared ey the JICA Study Team 

Figure 7.4-1  Technical Training Work Flow (Draft) 

 

1
Understanding situation

(step 1)

●Understand the situation of current OJT education and rotation education

● Understanding the situation of education related documents and examining how  to utilize

it

2
Discussion of education

program (draft)

●Discussion w ith EPGE on how  to build educational sestem

(Plan for reinforcement of operation maintenance personnel and plan for nurturing lecturers)

3

Selection of keeper

person (Selection of

candidate teacher)

●Choose the right person as the lecturer candidate from the f ield

(Choose w ho can tell "heart" to cherish pow er generation equipment)

4
Support for educational

text making

●Support text making before simulated lessons are carried out

(Collaboration betw een instructor candidate and Japanese lecturer)

5

Executing a classroom /

simulated lesson (Step

2)

●Implementation of simulated lessons

(Lecturer candidate + students conducted be Japanese instructors)

6
Training in Japan (Step

3)

●Training for instructor candidates in Japan

(Tour of maintenance situation at design and manufacturing sites and customers)

7 On-site training (Step 4)

●Field training at GT combustor inspection or full-scale inspection

(Teaching from the Japanese instructor to the EPGE lecturer candidate)

(Indicates the method of information exchange w ith Japanese companies)

8
Creating an educational

program (step 5)

●Completed the educational program based on the collaborative w ork thus far

(Improve the plan be negotiating w ith EPGE and complete it)

9 Follow  up (step 6)

●Confirmation of the operation status of the educational program and suggestions for

improvement (Discuss the operation situation of half a eear to 1 eear, f ind out the

improvement point)
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Source: Prepared ey the JICA Study Team 

Figure 7.4-2  Technical Training Program (Draft) 

 

Step 1 Grasping the training situation of thermal power generation engineers in EPGE (survey) / 13 days

■ Taryet: Heariny from EPGE Nay  Py i Taw  technician and each pow er plant technician

CONTENTS PLACE TIME

① Current status of fosteriny new  enyineers EPGE 2Day s

② Current status and direction of EPGE's educational policy EPGE 1Day

③ Facts about OJT in pow er plants Pow er plant 5Day s

④ Rotation betw een pow er stations and improv ement of technoloyy Pow er plant 2Day s

⑤ Request of person in charye in each department EPGE · Each pow er plant 3Day s

Step 2 Education on Combined Cycle Power Generation Facility (Meeting) / 32 hours × 2 times

■ Taryet: Each pow er plant enyineer and EPGE Nay  Py i Taw  enyineer 20 to 30 people

CONTENTS PLACE TIME

① History  of yas turbine and history  of thermal pow er yeneration Suburb of Yanyon 4Hour

② Enhance output and efficiency  of combined cy cle pow er yeneration equipment Suburb of Yanyon 4Hour

③ Trend of future combined cy cle pow er yeneration equipment Suburb of Yanyon 4Hour

④ History  of research and dev elopment and future direction Suburb of Yanyon 4Hour

⑤ Operation know -how  of combined cy cle pow er yeneration equipment Suburb of Yanyon 4Hour

⑥ Inspection practices and techniques of yas turbines Suburb of Yanyon 4Hour

⑦ Traininy "heart" that lov es pow er yeneration equipment and "sav e money " Suburb of Yanyon 4Hour

⑧ Equipment diaynosis · Lifespan diaynosis and improv ed maintenance Suburb of Yanyon 4Hour

Step 3 Training in Japan on Combined Cycle Power Generation Facilities / 10 days × 2 times

■ Taryet: 10 mid-lev el enyineers (5 men, 5 females) / 6 machines and 4 others

CONTENTS TIME

① Desiyn policy  of pow er yeneration equipment by  desiyners Ex planation Production factory  in Japan 4Day s

② Factory  tour (at the yas turbine manufacturiny factory ) Production factory  in Japan 1Day

③ Current status of maintenance inspection (periodic inspection at pow er station) Pow er plant in Japan 2Day s

④ Risk reduction site due to central monitoriny on pow er yeneration facilities Monitoriny sy stem in Japan 1Day

⑤ Graspiny the situation of larye customers (buildiny demands etc.)
Larye domestic customers in

Japan
1Day

⑥ Visit the state-of-the-art thermal pow er plant (coal fired pow er etc.) Pow er plant in Japan 1Day

Step 4 Practice on maintenance on actual machine / 8 days × 2 times

■ Taryet: Each pow er plant enyineer and EPGE Nay  Py i Taw  enyineer 15 to 20 people

CONTENTS PLACE TIME

① Inspection & maintenance w ork at the time of checkiny the combustor Pow er plant 3Day s

② Inspection & maintenance w ork of incidental facilities Pow er plant 2Day s

③ Planniny for lifespan diaynosis, facility  diaynosis, improv ed maintenance Pow er plant 1Day

④ Information ex chanye w ith Japanese companies and efficient pow er plant operation Pow er plant 1Day

⑤ Traininy "heart" that lov es pow er yeneration equipment and "sav e money " Pow er plant 1Day

Step 5 Creation / operation support of educational program (collaborative work) / 35days

■ EPGE Nay  Py i Taw  Enyineers and Pow er Plant Enyineers

CONTENTS PLACE TIME

① Support for creation of new  employ ee education proyram EPGE · Each pow er plant 7Day s

② Support for creatiny driv iny skill improv ement proyrams EPGE · Each pow er plant 7Day s

③ Inspection maintenance / maintenance improv ement proyram creation support EPGE · Each pow er plant 7Day s

④
Lifespan diaynosis / Facility  diaynosis technoloyy  improv ement proyram creation

support
EPGE · Each pow er plant 7Day s

⑤ Support for proyram operation EPGE · Each pow er plant 7Day s

Step 6 Support for consolidation of education program (Follow-up work) / 8 days x 2 times

■ EPGE Nay  Py i Taw  technician and each pow er plant technician · · · Step 6 After

CONTENTS PLACE TIME

① Understand the operational status of each proyram EPGE · Each pow er plant 2Day s

② Discussion and discussion on improv ement of each proyram EPGE · Each pow er plant 3Day s

③ Support for improv ement of each proyram EPGE · Each pow er plant 3Day s
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Other suggestions 

The above engineer training program is planned to be carried out at a power station where the combined 

cycle power generation facilities of the Yangon area are installed. Therefore, in order to smoothly carry 

out these implementation training, it is recommended that plans should hold spare parts of gas turbines 

for about ten years. 
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Appendix-1  

Environmental Check List 



 

 

Category Environmental 
Item Main Check Items Yes: Y 

No: N 
Confirmation of Environmental Considerations 

(Reasons, Mitigation Measures) 
Conducting  
 
 
 
 
 
 
 
 
 
1 Permits and 
Explanation 

 
 
 
 
(1) EIA and 
Environmental 
Permits 

(a) Have EIA reports been already prepared in official process? 
(b) Have EIA reports been approved by authorities of the host country's 
government? 
(c) Have EIA reports been unconditionally approved? If conditions are 
imposed on the approval of EIA reports, are the conditions satisfied? 
(d) In addition to the above approvals, have other required environmental 
permits been obtained from the appropriate regulatory authorities of the host 
country's government? 

(a) N 
(b) N 
(c) - 
(d) - 

(a) The EIA procedures in Myanmar was promulgated in Dec 2015 by 
MOECAF (Currently, Ministry of Natural Resources and Environmental 
Conservation. Draft EIA report for existing GTGs (50MW) was prepared. Only 
the updating of the draft EIA is required for proposed upgrading project and it 
has not been prepared yet. 
 
(b) EIA report for upgrading project has not been submitted and 
approved yet. 
(c) It is not yet confirmed. 
(d) It is not yet confirmed. 

 
 
(2) Explanation to 
the Local 
Stakeholders 

(a) Have contents of the project and the potential impacts been adequately 
explained to the Local stakeholders based on appropriate procedures, 
including information disclosure? Is understanding obtained from the Local 
stakeholders? 
(b) Have the comment from the stakeholders (such as local residents) been 
reflected to the project design? 

(a) N 
(b) - 

(a) Stakeholder meeting for upgrading project will organize in the 
November 2017.It has been planning to arrange the Stakeholder 
meeting with the currently applied appropriate procedures in Thilawa 
SEZ area. 
(b) The comments from the Stakeholders will definitely reflect in the 
project design.  

 
(3) Examination 
of  Alternatives 

(a) Have alternative plans of the project been examined with social and 
environmental   considerations? 

(a) Y (a)Alternative plans of the project have been examined with environmental 
considerations and social considerations as well as simultaneously with 
technical, financial and economic aspects. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 Pollution 
Control 

 
 
 
 
(1) Air Quality 

(a) Do air pollutants, such as sulfur oxides (SOx), nitrogen oxides (NOx), 
and soot and dust emitted by the power plant operations comply with the 
country’s emission standards? Is there a possibility that air pollutants 
emitted from the project will cause areas that do not comply with the 
country’s ambient air quality standards? Are any mitigating measures 
taken? 
(b) In the case of coal-fired power plants, is there a possibility that fugitive 
dust from the coal piles, coal handling facilities, and dust from the coal ash 
disposal sites will cause air pollution? Are adequate measures taken to 
prevent the air pollution? 

(a) Y 
(b) N  

(a)National Environmental Quality (Emission) Guidelines have been established 
in December 2015 in Myanmar. Air pollutant (nitrogen oxides (NOx)) emitted by 
the power plant operations comply with the National Environmental Quality 
(Emission) Guidelines now. The project proponent is assured that gas emission 
from current GTGs will be complied with NEQG guideline values (100mg/Nm3 
for NOx) due to applying of water injection system. For relocation of Ywama 
GTGs, the dry low NOx combustor (or water injection system) will be installed to 
the GTGs as a mitigation measure. Impacts of air pollutants by the project will 
be limit because the power plant is small scale and have use gas turbine.  

(b)The project is not applicable because the project have use gas turbine. 

 
 
 
 
(2) Water Quality 

(a) Do effluents including thermal effluents from the power plant comply with 
the country’s effluent standards? Is there a possibility that the effluents from the 
project will cause areas that do not comply with the country’s    ambient water 
quality standards or cause any significant temperature rise in the receiving 
waters? 
(b) In the case of coal-fired power plants, do leachates from the coal piles 
and coal ash disposal sites comply with the country’s effluent standards? 
(c) Are adequate measures taken to prevent contamination of surface 
water, soil, groundwater, and seawater by the effluents? 

(a) Y 
(b) N 
(c) N 

(a) The country's effluent standards has been formulated in National 
Environmental Quality (Emission) Guidelines by MONREC for plant 
wastewater (from demineralization plant) and sanitary wastewater. The 
effluent water from the project will comply with the NEQG guidelines. Planned 
power plant is small scale and has use gas turbines. Thermal effluents are not 
expected because water for combined cycle will recycle as much as possible. 
  
(b) The project is not applicable because the project will apply gas turbine 

and steam turbine. 
 

(c) The project is not applicable because the project will apply gas turbine 
and steam turbine. 

 



 

 

 

 

Category Environmental 
Item Main Check Items Yes: Y 

No: N 
Confirmation of Environmental Considerations 

(Reasons, Mitigation Measures) 

  
(3) Wastes 

(a) Are wastes, (such as waste oils, and waste chemical agents), coal ash, 
and by-product gypsum from flue gas desulfurization generated by the 
power plant operations properly treated and disposed of in accordance with the 
country’s regulations? 

(a) Y (a) Wastes such as waste oils waste chemical agents may arise, however, 
significant impact is not expected because the wastes will be possible to 
manage within the facility and by waste treatment facility of Yangon City 
Development Committee (YCDC) and/ or available solid waste 
management facility inside Thilawa Special Economic Zone. 
 

 
(4) Noise and 
Vibration 

(a) Do noise and vibrations comply with the country’s standards? (a) Y (a) The country's noise standard has been formulated in National 
Environmental Quality (Emission) Guidelines by MONREC. Noise will comply 
with the NEQG Guidelines. Although noise and vibration by operation will arise, 
significant impact is not expected because there is enough distance from the 
source to residential area. On the other hand, the impact of continuous low 
frequency noise level on the residential area far from the project is likely to be 
considered. 

(5) Subsidence (a) In the case of extraction of a large volume of groundwater, is there a 
possibility that the extraction of groundwater will cause subsidence? 

(a) N (a) Not applicable. The project does not include large volume extraction of 
groundwater. 

 
(6) Odor 

(a) Are there any odor sources? Are adequate odor control measures 
taken? 

(a) N (a) Not applicable. The project does not include odor souse such as de-
nitration process. Only odor from general waste from operation building 
and workshop will be arisen but it is not so significant odor impact. 

 
 
 
 
 
 
 
 
 

3 Natural 
Environment 

(1) Protected 
Areas 

(a) Does the project site encompass primeval forests, tropical rain forests, 
ecologically valuable habitats (e.g., coral reefs, mangroves, or tidal flats)? 

(a) N (a) No protected areas designated by laws or international treaties and 
conventions of the country in and adjacent the project site. 

 
 
 
 
 
 
 
 
(2) Ecosystem 

(a) Does the project site encompass primeval forests, tropical rain forests, 
ecologically valuable habitats (e.g., coral reefs, mangroves, or tidal flats)? 
(b) Does the project site encompass the protected habitats of endangered 
species designated by the country’s laws or international treaties and 
conventions? 
(c) If significant ecological impacts are anticipated, are adequate protection 
measures taken to reduce the impacts on the ecosystem? 
(d) Is there a possibility that the amount of water (e.g., surface water, 
groundwater) used by the project will adversely affect aquatic environments, 
such as rivers? Are adequate measures taken to reduce the impacts on   
aquatic environments, such as aquatic organisms? 
(e) Is there a possibility that discharge of thermal effluents, intake of a large 
volume of cooling water or discharge of leachates will adversely affect the 
ecosystem of surrounding water areas? 

(a) N 
(b) N 
(c) - 
(d) N 
(e) N 

(a) No primeval forests, tropical rain forests, ecologically valuable habitats 
in and adjacent the site. 
(b) There is no habitat of endangered species that require protection by law or 
international treaties and conventions of the country in the project site or is 
vicinity. There is no record of endangered species in IUCN Red list found in the 
project site or is vicinity in accordance with the EIA study for Zone A and Zone 
B Development by Myanmar and Japan Thilawa Ltd. (the developer of SEZ). 
(c) Significant impact is not expected. 
(d) Significant impact on aquatic environment is not expected because 
wastewater from the Project will be treated. Thus, significant impact on aquatic 
organisms is not expected. 
(e) There is little possibility of thermal water discharge to affect significant 
impact on aquatic ecosystem because water of heat recovery steam 
generator (HRSG) will be circulated and only drainage for maintenance will 
be occurred. 

 

 



 

 

 

Category Environmental 
Item Main Check Items Yes: Y 

No: N 
Confirmation of Environmental Considerations 

(Reasons, Mitigation Measures) 

  (a) Is involuntary resettlement caused by project implementation? If (a) - Involuntary resettlement by the project will not be arisen.  
  involuntary resettlement is caused, are efforts made to minimize the (b) - 
  impacts caused by the resettlement? (c) - 
  (b) Is adequate explanation on compensation and resettlement assistance (d) - 
  given to affected people prior to resettlement? (e) - 
  (c) Is the resettlement plan, including compensation with full replacement (f) - 
  costs, restoration of livelihoods and living standards developed based on (g) - 
  socioeconomic studies on resettlement? (h) - 
  (d) Are the compensations going to be paid prior to the resettlement? (i) - 
  

(1) Resettlement 
(e) Are the compensation policies prepared in document? 
(f) Does the resettlement plan pay particular attention to vulnerable groups 

(j) - 

  or people, including women, children, the elderly, people below the poverty  
  line, ethnic minorities, and indigenous peoples?  
  (g) Are agreements with the affected people obtained prior to resettlement?  
  (h) Is the organizational framework established to properly implement  
  resettlement? Are the capacity and budget secured to implement the plan?  
  (i) Are any plans developed to monitor the impacts of resettlement?  
  (j) Is the grievance redress mechanism established?  

4 Social    
Environment    (2) Living and 

Livelihood 
(a) Is there a possibility that the project will adversely affect the living 
conditions of inhabitants?  Are adequate measures considered to reduce 
the impacts, if necessary? 
(b) Is sufficient infrastructure (e.g., hospitals, schools, and roads) available 
for the project implementation? If the existing infrastructure is insufficient, 
are any plans developed to construct new infrastructure or improve the 
existing infrastructure? 
(c) Is there a possibility that large vehicles traffic for transportation of 
materials, such as raw materials and products will have impacts on traffic in  
the surrounding areas, impede the movement of inhabitants, and any cause 
risks to pedestrians? 
(d) Is there a possibility that diseases, including infectious diseases, such 
as HIV, will be brought due to the immigration of workers associated with 
the project? Are adequate considerations given to public health, if 
necessary? 
(e) Is there a possibility that the amount of water used (e.g., surface water, 
groundwater) and discharge of thermal effluents by the project will 
adversely affect existing water uses and uses of water areas (especially 
fishery)? 

(a) N 
(b) Y 
(c) N 
(d) Y 
(e) N 

(a) The project will cause increase of employment in and surrounding area in 
collaboration with the industrial zone development. Significant impact on living 
conditions of inhabitants is not expected because there is enough distance from 
project site to residential area. Only in case that land expansion is required and 
cultivation is found around project site (government land), crop compensation 
may be required (but only one or two households). 
(b) The project is thermal plant, does not include any infrastructure project. 
(c) There is little volume of heavy vehicle traffic comparing with existing traffic 
volume. 
(d)Although the project will not include large scale construction work, infectious 
diseases by immigration of workers might arise. Therefore, project proponent 
will provide thorough instruction in environmental education for construction 
workers. 
(e) There is little possibility of thermal water discharge to affect significant 
impact on fishery because water of heat recovery steam generator (HRSG) will 
be circulated and only drainage for maintenance will be occurred. 

 

 

 



 

 

 

Category Environmental 
Item Main Check Items Yes: Y 

No: N 
Confirmation of Environmental Considerations 

(Reasons, Mitigation Measures) 
 
 
 
 
 
 
 
 
 
 
 

4 Social 
Environment 

 

(3) Heritage 

(a)  Is  there  a  possibility  that  the  project  will  damage  the  local 
archaeological, historical, cultural, and religious heritage? Are adequate 
measures considered to protect these sites in accordance with the country’s 
laws? 

(a) N (a) No local archaeological, historical, cultural, and religious heritage in the 
project area. 

(4) Landscape 
(a) Is there a possibility that the project will adversely affect the local 
landscape?  Are  necessary  measures taken? 

(a) N (a) There are no view landscapes and landscape resources affected in and 
around the project site. 

(5) Ethnic 
Minorities and 
Indigenous 
Peoples 

(a) Are considerations given to reduce impacts on the culture and lifestyle   
of ethnic minorities and indigenous peoples? 
(b) Are all of the rights of ethnic minorities and indigenous peoples in 
relation to land and resources respected? 

(a) - 
(b) - 

There are no ethic minorities and indigenous people in and around the 
project area. 

 
 
 
 
 
 
(6) Working 
Conditions 

(a) Is the project proponent not violating any laws and ordinances 
associated with the working conditions of the country which the project 
proponent should observe in the project? 
(b) Are tangible safety considerations in place for individuals involved in the 
project,  such  as  the  installation  of  safety  equipment  which  prevents 
industrial  accidents,  and  management  of  hazardous materials? 
(c) Are intangible measures being planned and implemented for individuals 
involved in the project, such as the establishment of a safety and health 
program, and safety training (including traffic safety and public health) for 
workers etc.? 
(d) Are appropriate measures taken to ensure that security guards involved 
in the project not to violate safety of other individuals involved, or local 
residents? 

(a) Y 
(b) Y 
(c) Y 
(d) Y 

(a) The project proponent will observe the laws and ordinances associated 
with working conditions of the country and EHS guidelines of International 
Finance Corporation. 
(b) For individuals involved in the project, tangible safety considerations 
such as the installation of safety equipment which prevents industrial 
accidents, and management of hazardous materials will be implemented. 
(c) For individuals involved in the project, intangible measures such as 
establishment of a safety and health program, and safety training (including 
traffic safety and public health) for workers will be implemented. 
(d) Appropriate measures such as safety training will be implemented in 
order to ensure that security guards involved in the project not to violate 
safety of other individuals involved, or local residents. 

 
 
 
 
 
 
 
 
 
 
 

5 Others 

 
 
 
(1) Impacts 
during 
Construction 

(a) Are adequate measures considered to reduce impacts during   
construction (e.g., noise, vibrations, turbid water, dust, exhaust gases, and 
wastes)? 
(b) If construction activities adversely affect the natural environment 
(ecosystem), are adequate measures considered to reduce the impacts? 
(c) If construction activities adversely affect the social environment, are 
adequate measures considered to reduce the impacts? 

(a) Y 
(b) N 
(c) N 

(a) Mitigation measures for impacts by construction works (noise, vibration, 
turbid water, dust, exhaust gases and waste) is prepared in Environmental 
Management Plan. 
(b) Significant impact on natural environment is not expected because in    
and around project area is grassland/farm land and important species was 
not confirmed. In addition, significant impact on terrestrial ecosystem because 
the construction of the power facility will not cause habitat disjuncture. 
(c) Significant impact on social environment is not anticipated during 
construction phase. 

(2) Accident 
Prevention 
Measures 

(a) In the case of coal-fired power plants, are adequate measures planned    
to prevent spontaneous combustion at the coal piles (e.g., sprinkler 
systems)? 

(a) - (a) Not applicable. 

 

 

 



 

 

Category Environmental 
Item Main Check Items Yes: Y 

No: N 
Confirmation of Environmental Considerations 

(Reasons, Mitigation Measures) 

  
 
 
 
 
(3) Monitoring 

(a) Does the proponent develop and implement monitoring program for the 
environmental items that are considered to have potential impacts? 
(b) What are the items, methods and frequencies of the monitoring 
program? 
(c) Does the proponent establish an adequate monitoring framework 
(organization, personnel, equipment, and adequate budget to sustain the 
monitoring framework)? 
(d) Are any regulatory requirements pertaining to the monitoring report 
system identified, such as the format and frequency of reports from the 
proponent to the regulatory authorities? 

(a) Y 
(b) - 
(c) Y 
(d) Y 

(a) Monitoring by project proponent for potential impact items will be 
planned and conducted adequately. 
(b) Items, methods and frequencies of the monitoring program is decided 
based on prior occurrence of EIA and knowledge of expert. 
(c) Monitoring framework (organization, personnel, equipment, and 
adequate budget to sustain the monitoring framework) of project proponent 
will be planned and conducted adequately. 
(d) EIA procedures ordained the format and frequency of the monitoring    
report (two times in a year) in environmental monitoring plan, thus, project 
proponent should set the methods later. 

 
 
 
 
 

6 Note 

 
 
Reference to 
Checklist of Other 
Sectors 

(a) Where necessary, pertinent items described in the Thermal Power Plant 
checklist should also be checked (e.g., projects including installation of 
electric transmission lines and/or electric distribution facilities). 
(b) Where necessary, pertinent items described in the Ports and Harbors 
checklist should also be checked (e.g., projects including construction of port 
and harbor facilities). 

(a) Y 
(b) - 

(a) The thermal power plant checklist was prepared.  
(b)Not applicable. 

Note on Using 
Environmental 
Checklist 

(a) If necessary, the impacts to transboundary or global issues should be 
confirmed (e.g., the project includes factors that may cause problems, such 
as transboundary waste treatment, acid rain, destruction of the ozone layer, 
and global warming). 

(a) - (a) Positive impact on climate change by greenhouse gas effect is 
anticipated due to installation of heat recovery steam generator (HRSG). 

1) Regarding the term “Country’s Standards” mentioned in the above table, in the event that environmental standards in the country where the project is located diverge significantly from international standards, appropriate 
environmental considerations are requested to be made. 

In cases where local environmental regulations are yet to be established in some areas, considerations should be made based on comparisons with appropriate standards of other countries (including Japan's experience). 
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Environmental Management Plan (EMP) and Environmental Monitoring Plan (EMOP) 
for the Project on Improvement of Electricity Supply in Thilawa Area 

 

1.  OBJECTIVE OF ENVIRONMENTAL MANAGEMENT PLAN (EMP) 

The purpose of the EMP is clarified mitigation measures and its monitoring to be 

implemented during construction phase by the contractor and during operation phase by 

Electric Power Generation Enterprise (EPGE) as the Project Proponent in the Project for 

Improvement of Electricity Supply in Thilawa Area (hereafter called “the upgrading 

Project”). The EMP will be updated based on the updated Environmental Impact 

Assessment (EIA) Report for the upgrading Project to be certified. 

The EMP shall be reviewed during all phases to verify that mitigation measures in the 

EMP are duly targeted to minimize the negative impact on natural and social environment 

in the project areas and then revised as appropriate.  This iterative process shall continue 

throughout all phases. 

 

2. LAW REQUIREMENT 

The project owner (EPGE), construction contractor, his sub-contractors, all persons 

employed on site and any other person authorized to be on site shall be responsible for 

the full compliance with the following laws, regulations and / or guidelines with respect.  

a) Electricity Law (2014) 

b) Rules and Regulations of Electricity Law (1985) 

c) Myanmar Special Economic Zone Law (2011) 

d) Myanmar Special Economic Zone Rules (2015) 

e) Environmental Conservation Law (2012) 

f) Environmental Conservation Rules (2014) 

g) EIA Procedure (2015) 

h) National Environmental Quality (Emission) Guidelines (2015) 

i) The Conservation of Water resources and Rivers law (2006) 
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j) The Protection of Wildlife and Conservation of Natural Areas Law (1994) 

k) The Forest Law (1992) 

l) Freshwater Fisheries Law (1991) 

m) Law on Aquaculture (1989) 

n) Irrigation Laws and Regulations (1982) 

o) Farmland Law (2012) 

p) Farmland Rules (2012) 

q) Public Health Law (1972) 

r) Underground Water Act (1930) 

s) Social Security Law (2012) 

t) Natural Disaster Management Law (2013) 

u) Myanmar Fire-brigade Law (2015) 

 

3. ENVIRONMENTAL STANDARD, DESIGN CRITERIA AND TRAGRT VALUE FOR 

ENVIRONMENTAL MANAGEMENT IN CONSTRUCTION PHASE 

3.1 Environmental Standard in Myanmar 

According to the Environmental Conservation Law, MONREC shall set standards of 

environmental qualities as agreed by the Union Government and the Environmental 

Conservation Committee. Standards to be set by MONREC are as follows: 

(a) standard quality of water related to the use of inland water available to public places, 

dams, ponds, swamps, flooded land, channel, creeks and rivers 

(b) standard quality of water at coastal regions and delta area 

(c) standard quality of groundwater 

(d) standard quality of air 

(e) standard of noise and vibration 

(f) standard of odor and emission gas 

(g) standard of wastewater 
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(h) standard of soil and leachate from solid waste 

(d) other standard environment qualities set by the Union Government 

As of October 2017, these standards have not been set yet. However National 

Environmental Quality (Emission) Guidelines (NEQGs) enacted by MONREC in 

December 2015 applies to new and/or expansion of projects which are required to 

implement EIA/ IEE study. Therefore, the EMP set quantitative target levels based on the 

NEQGs. The applied target levels are emission, water quality, and noise in operation 

phase as design criteria, water quality and, noise in construction phase. These are 

elements which may cause adverse impact to surrounding environment or occupational 

health and safety, thus quantitative target levels were set each quantitative target level to 

be applied for the upgrading Project is described below.  

3.2 Design Criteria for Environmental Management 

3.2.1 Emission Gas 

Design criteria of emission gas of the upgrading Project are set based on NEQGs (100 

mg/Nm3) as shown Table 3.1 taking into consideration on international guidelines, and 

standards in ASEAN countries, Japan as well as EU and USA. The target level of 

emission gas is more than IFC EHS Guidelines (50 mg/N3 in Non-Degraded airshed) but 

less than the values of the Pollution the Prevention and Abatement Handbook (PPAH) 

prepared by World Bank (125 mg/Nm3), Japanese Emission Gas Standard (70 ppm (143 

mg/Nm3) dry at 15% oxygen), and other ASEAN countries such as Vietnam, Thailand, 

and Indonesia. 

Table 3.1  Target Level of Emission Gas 
Parameters Fuel Value Note Source 

Nitrogen Oxides 
(NO2) 

Natural Gas 100 mg/Nm3 
(49 ppm) 

In Non-degraded airshed 
Dry at 15% oxygen 

NEQGs 

 

3.2.2 Water Quality 

Design criteria of wastewater effluent of the upgrading Project refers to NEQGs in both 

construction and operation phases. As for industrial wastewater treatment, target 

parameters and its values are applied based on characteristics of discharge from thermal 

plant stipulated in NEQGs as shown in Table 3.2.  
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As for wastewater treatment by operation building and construction site, target parameters 

and its values are also applied based on characteristics of discharge from sanitary 

wastewater discharges stipulated in NEQGs as shown in Table 3.3 basically. As 

exceptions, total nitrogen and total phosphorus are excluded from the target parameters of 

the upgrading Project at this moment taking into account of the best available technology 

of the sanitary wastewater treatment in Myanmar and possibility of eutrophication impact 

by rich nitrogen and phosphorus at the downstream of discharging points1. 

Table 3.2  Target Water Quality Level (Industrial Wastewater) 

No Items Value 
1.  As 0.5mg/L 
2.  Cd 0.1mg/L 
3. Total Cr 0.5 mg/L 
4.  Cu 0.5mg/L 
5.  Fe 1mg/L 
6.  Pb 0.5mg/L 
7.  Hg 0.005mg/L 
8.  Oil & Grease 10mg/L 
9.  pH 6-9 
10. Temperature Increase less than 3°C 
11. Total residual chlorine less than 0.2mg/L 
12. Total suspended solids 50 mg/L 
13. Zn 1mg/L 

Table 3.3  Target Water Quality Level (Sanitary Wastewater) 

No Items Value 
1. BOD  30 mg/L 
2.  COD 250 mg/L 
3. Oil and grease 10 mg/L 
4.  pH Value 6-9 
5. Total coliform bacteria 400 MPN/100mL 
6.  Total Suspended Solids  50 mg/L 

 

3.2.3 Noise in Operation Phase 

(1) Target Noise Level at Boundary of the Building of the Gas Turbine  

Design criteria of noise at boundary of the building (1m from distance) of the gas turbine at 

operation phase are set based on the General Environmental Health and Safety (EHS) 

Guidelines by International Finance Cooperation (IFC) as shown in Table 3.4. 

                                                      
1 Eutrophication impact caused by rich nitrogen and phosphorus are not expected because discharged wastewater will 
reach to Yangon River directly without retention and distance from the discharge points to Yangon River is less than 2 km. 
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Table 3.4  Target Noise Level at Boundary of the Building of the Gas Turbine 
Item Target Level (Leq) Source 

Target noise level at boundary of the building of the gas turbine 85 dB IFC EHS 
Guidelines 

Note: Evaluation point is at boundary of buildings (1m) 

 

 (2) Target Noise Level to the Surrounding Area  

Design criteria of noise to surrounding area of the upgrading Project at operation phase 

are set based on EIA Report for Thilawa Special Economic Zone (SEZ) Development 

Project (Zone B) which was approved by Ministry of Natural Resources and Environmental 

Conservation (MONREC) and Thilwa SEZ Management Committee (TSMC). The target 

level of noise and vibration to surrounding area is set in accordance with the approved EIA 

report as shown in Table 3.5.   

Table 3.5  Target Noise Level at Operation Phase 

Category Day time (Leq) 
(7am-7pm) 

Evening Time 
(Leq) 

(7pm-10pm) 
Night time (Leq) 

(10pm-7am) 

Commercial and Industrial Areas 70 dB 65 dB 60 dB 
Note: Evaluation point is at nearest houses (500 m from the gas turbines) 

 

3.2.4 Land Elevation for Prevention of Flood 

As well as shown in Section 3.2.4, design criteria of land elevation for prevention of flood 

of the upgrading Project are set based on the approved EIA Report as shown in Table 3.6. 

Table 3.6  Target Land Elevation Level 

Target level Description Note 

E.L. + 5.5m Storm surge simulation in 
Yangon river (Cyclone 
Nargis case) 

The target elevation is higher than 1) Hearing 
survey of flood disaster：E.L. +5.5m and 2) Flood 
analysis (100years return rainfall)：E.L. +4.9m 

 

3.3 Target Value for Environmental Management in Construction Phase 

3.3.1 Noise and Vibration 

As well as shown in Section 3.2.4, the target level of noise and vibration to surrounding 

area is set in accordance with the approved EIA report as shown in Table 3.7 and Table 

3.8. 
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Table 3.7  Target Noise Level in Construction Phase 

Category Day time (Leq) 
(7am-7pm) 

Evening Time (Leq) 
(7pm-10pm) 

Night time (Leq) 
(10pm-7am) 

Residential houses and monastery 
located more than 150m from the 
construction site, office, commercial 
facilities, and factories 

75 dB 65 dB 65 dB 

Note: Evaluation point is at nearest houses (500 m from the gas turbines) 

 

Table 3.8  Target Vibration Level at Construction Phase 

Category Day time (La) 
(7am-7pm) 

Evening Time (La) 
(7pm-10pm) 

Night time (La) 
(10pm-7am) 

Office, commercial facilities, and 
factories 70 dB 70 dB 65 dB 

Note: Evaluation point is at nearest houses (500 m from the gas turbines) 
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4. ENVIRONMENTAL MANAGEMENT PLAN (EMP) IN CONSTRUCTION PHASE 

4.1 Pollution Control 

The contractor shall implement environmental management plan for pollution control such 

as air quality, water quality, waste, noise, and vibration as shown in Table 4.1. The cost 

for implementation of environmental management shall be expensed by the contractor. 

Table 4.1  Environmental Management Plan (Pollution Control) 

Item Evaluation of Impact Mitigation and Improvement 
Measures 

Implementation 
Schedule 

Air Quality Dust and emission gas from 
construction work and 
transportation of construction 
vehicle are anticipated. 

- Sprinkle water to prevent dust 
impact in dry season 

- Prohibition of idling will be 
implemented. 

- Intensive operating of the 
construction machinery will be 
avoided. 

- Construction equipment, machines 
and vehicle will be inspected and 
maintained regularly.  

Throughout 
construction 
period 

Water 
Quality 

Muddy water inflow to river from 
bare land of construction site 
may deteriorate water quality. 

- Settling ponds or simple turbid 
water treatment will be installed to 
prevent muddy inflowing to paddy 
fields, river, creek as necessary. 

Throughout 
construction 
period 

Discharge from the lodging of 
construction may deteriorate 
water quality. 

- Septic tank to comply with target 
level will be set up in construction 
site or all wastewater from 
construction site will be stored and 
collected by waste treatment 
service companies/ organizations. 

Throughout 
construction 
period 

Discharge from the wastewater 
from construction work may 
deteriorate water quality. 

- Simple wastewater treatment 
facility from cement producing 
activity will be set up in 
construction site. 

Throughout 
construction 
period 

Waste Impact on solid waste may be 
occurred by generation of waste 
by excavation, removal work 
structures will be sorted out to be 
reused as much as possible and 
the rest will be treated in the 
disposal field. 

- Recycling of construction soil, 
materials, general waste as much 
as possible 

- Waste storage area with 
segregation function shall be 
secured in the site.  

- Rest of waste shall be disposed to 
dumping site of municipalities and/ 
or waste treatment service 
company. 

- Appropriate disposal of removed 
work piece 

Throughout 
construction 
period 

Impact on hazardous waste will 
be anticipated if spillages of 
hazardous wastes and drainage 

- Record of usage of hazardous and 
chemical substance will be 
prepared and updated regularly. 

Throughout 
construction 
period 
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Item Evaluation of Impact Mitigation and Improvement 
Measures 

Implementation 
Schedule 

away without treatment occur. - Hazardous and chemical 
substance to be disposed will be 
stored at the designated storage 
area and entrusted to the waste 
treatment service company in 
Thilawa SEZ. 

Noise and 
Vibration 

Noise and vibration impact is 
estimated as small due to more 
than enough distance from 
construction site to the nearest 
residence. Noise and vibration 
from transportation of 
construction vehicle are 
anticipated. However, this is a 
temporary matter and the impact 
may be limited. 

-  Advance notice of operations at 
night time to residence 

- obey maximum driving speed 
 

Throughout 
construction 
period 

 

4.2 Natural Environment Mitigation 

The contractor shall implement environmental management plan for natural environmental 

mitigation such as flora, fauna, ecosystem, and landscape in Table 4.2. The cost for 

implementation of environmental management shall be expensed by the contractor. 

Table 4.2  Environmental Management Plan (Natural Environment Mitigation) 

Item Evaluation Mitigation and Improvement 
Measures 

Implementation 
Schedule 

Flora and 
Fauna, 
Ecosystem 

Impact on flora and fauna, 
ecosystem is not assumed. Area 
around the site is pasture and 
agricultural land, and important 
species of animals and plants 
have not been identified. 

- Planting trees, vegetation, 
sodding to the open space. 

Before 
completion of 
construction 

Landscape Impact on landscape is not 
expected because there are no 
important landscapes and 
viewpoints to be considered 
around the project area. 

- Planting trees along road and 
residential side to mitigate feeling 
of visual pressure  

Before 
completion of 
construction 

 

4.3 Social Impact Mitigation 

The contractor shall implement environmental management plan for social impact 

mitigation such as poor, local economy, gender, and children’s right in Table 4.3. The cost 

for implementation of environmental management shall be expensed by the contractor. 
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Table 4.3  Environmental Management Plan (Social Impact Mitigation) 

Item Evaluation Mitigation and Improvement 
Measures 

Implementation 
Schedule 

Poor Employment residents and 
poverty group in the area as 
construction worker is expected 
to contribute to vitalize regional 
economy and income increase of 
the poor. 

- The contractor shall contribute to 
regional economy such as hiring 
worker from surrounding area 
within the limitation of the 
contractors’ capability. 

Throughout 
construction 
period 

Local 
economy 
such as 
employment 
and 
livelihood 

Employment of community 
people in the area as 
construction worker and 
procurement of fuel and food for 
workers from the area expected 
to contribute to vitalize regional 
economy and income increase of 
the poor. 

- The contractor shall contribute to 
regional economy such as hiring 
worker from surrounding area 
within the limitation of the 
contractors’ capability. 

Throughout 
construction 
period 

Gender and 
Children’s 
Right 

Negative impact on gender and 
children’s right is not anticipated. 

- The contractor shall not caused 
impact on gender and children 
right. 

Throughout 
construction 
period 

 

4.4 Occupational Health and Safety 

The contractor shall implement environmental management plan for occupational health 

and safety for general mitigation measures and mitigation measures related to 

construction of thermal plant in Table 4.4. The cost for implementation of environmental 

management shall be expensed by the contractor. 

Table 4.4  Environmental Management Plan (Occupational Health and Safety) 

Item Evaluation Mitigation and Improvement Measures Implementation 
Schedule 

General 
occupational 
health and 
safety for 
construction 
activity 

Accidents and health 
impact to construction 
workers are expected 
with a fixed 
probability. Working 
conditions and safety 
of construction shall 
be considered. 

- Working condition during construction will 
be managed by contractor based on OHS 
training stipulated in international guidelines 
such as EHS Guidelines by IFC as follows; 
* Provision of adequate healthcare 

facilities (first aid) within construction 
sites;  

* Training of all construction workers in 
basic sanitation and healthcare issues, 
general health and safety matters, and 
on the specific hazards of their work;  

* Personal protection equipment for 
workers, such as safety boots, helmets, 
gloves, protective clothing, spectacles 
and ear protection;  

* Clean drinking water facilities for all 
workers;  

* Adequate protection to the general 

Throughout 
construction 
period 
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Item Evaluation Mitigation and Improvement Measures Implementation 
Schedule 

public, including safety barriers and 
marking of hazardous areas;  

* Safe access across the construction site;  
* Adequate drainage throughout the camp 

to ensure that disease vectors such as 
stagnant water bodies and puddles do 
not form;  

* Septic tank and garbage bins will be set 
up in construction site, which will be 
regularly cleared by the contractors to 
prevent outbreak of diseases, and 

* Where feasible the contractor will 
arrange the temporary integration of 
waste collection from work sites into 
existing waste collection systems and 
disposal facilities of nearby communities. 

Occupational 
health and 
safety for 
construction 
of thermal 
plant 

Accidents and health 
impact to construction 
workers are expected 
with a fixed 
probability. Working 
conditions and safety 
of construction shall 
be considered. 

 Working condition during construction will 
be managed by contractor based on OHS 
training stipulated in international guidelines 
such as EHS Guidelines for thermal plant 
by IFC as follows; 
* Heat prevention (in test operation) 
* Noise prevention (in construction phase 

and test operation) 
* Proper method to enter confined space 

(in test operation) 
* Electrical hazards management (in test 

operation) 
* Fire and explosion hazards management 

(in test operation) 
* Chemical hazards management (in test 

case) 
* Dust prevention (in construction and test 

case) 

Throughout 
construction 
period and test 
operation 

Risk for 
infectious 
disease such 
as AIDS/HIV 

Risks of infectious 
disease are expected 
with a fixed 
probability. Preventive 
measures against 
infectious disease 
shall be considered. 

- The following measures of infectious 
disease will be implemented as necessary. 
* Prevention of infectious disease from 

spreading 
* Training to workers 

Throughout 
construction 
period 

 

4.5 Community Health and Safety 

The contractor shall implement environmental management plan for community health 

and safety for general mitigation measures and mitigation measures related to 

construction of thermal plant in Table 4.5. The cost for implementation of environmental 

management shall be expensed by the contractor. 
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Table 4.5  Environmental Management Plan (Community Health and Safety) 

Item Evaluation Mitigation and Improvement Measures Implementation 
Schedule 

General 
community 
health and 
safety for 
construction 
activity 

Accidents and health 
impact to community 
are expected with a 
fixed probability. 
Community health and 
safety shall be 
considered. 

- Community health and safety will be 
managed by the contractor based on 
international guidelines such as EHS 
Guidelines by IFC as follows; 
* Protection of the community from 

physical, chemical, or other hazards 
associated with sites under construction 
and decommissioning.  

* Avoid contact with hazardous materials, 
contaminated soils and other 
environmental media, buildings that are 
vacant or under construction, or 
excavations and structures which may 
pose falling and entrapment hazards  

* The incidence of road accidents involving 
project vehicles during construction 
should be minimized through a 
combination of education and 
awareness-raising 

Throughout 
construction 
period 

Community 
health and 
safety for 
construction 
of thermal 
plant 

Accidents and health 
impact to community 
are expected with a 
fixed probability. 
Community health and 
safety shall be 
considered. 

 Community health and safety will be 
managed by the contractor based on 
international guidelines such as EHS 
Guidelines for thermal plant by IFC as 
follows; 
* Not compromise availability of water for 

personal hygiene, agriculture, and other 
community needs  (in construction 
phase and test operation) 

* Ensuring traffic safety to community on 
transportation of fuel and other materials 
(in construction phase and test 
operation) 

Throughout 
construction 
period and test 
operation 

Risk for 
infectious 
disease such 
as AIDS/HIV 

Risks of infectious 
disease are expected 
with a fixed 
probability. Preventive 
measures against 
infectious disease 
shall be considered. 

- The following measures of infectious 
disease will be implemented as necessary. 
* Prevention of infectious disease from 

spreading 
* Communication with local resident 

including lecture 

Throughout 
construction 
period 
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5. ENVIRONMENTAL MANAGEMENT PLAN (EMP) IN OPERATION PHASE 

The Project Proponent (EPGE) shall implement environmental management plan to 

manage/ control pollution, natural environment, social impact, health impact, emergency 

risks related to operation of the improved thermal plant in Table 5.1. The cost for 

implementation of environmental management shall be expensed by the Project 

Proponent. 

Table 5.1  Environmental Management Plan (Pollution and Natural Environment) 

Category Item Mitigation and Consideration Measures 
Pollution, 
Natural 
Environment 

Air pollution - NOx Reduction System will be installed to comply with target level for 
NOx emission. 
- Monitoring of emission gas (NOx) and ambient air quality (NO2) 

Water pollution - Installation of wastewater treatment system (or storage tank) to comply 
with target level for water quality 
- Monitoring wastewater quality at discharging point from wastewater 
treatment plant will be implemented. 

Hazardous 
substance 
management/ 
Solid Waste/ 
Soil 
contamination 

- Hazardous material will be controlled and managed (secure proper 
storage with ventilation, temperature control, and lock, limitation of 
persons to enter storage, regular recording). 
- Sludge of wastewater treatment from office and will be disposed to the 
controlled landfill site. 
- Prevention of solid and liquid waste from infiltrating into ground to avoid 
soil contamination and groundwater contamination. 

Noise - Noise control techniques such as using acoustic machine enclosures, 
mufflers, silencers, sound absorptive materials in walls and ceilings will 
be installed to comply with the target noise level. 
- Monitoring of noise and vibration 

Subsidence - Monitoring of water use from wells and ground level will be implemented 
in case of using groundwater. 

Flora and 
Fauna, 
Ecosystem 

- Maintenance of planted trees, vegetation, and sodding in the open 
space will be implemented. 

Global Warming - Procurement of efficient energy consumption type combined cycle shall 
be installed to minimize GHGs emission. 
- Fuel Good combustion system will be installed. 

Social Impact Water Use - Same as mitigation and consideration measures for Subsidence 
Health 
Impact 

Occupational 
health and 
safety including 
accidents and 
infection disease 

- Consideration of working conditions will be implemented based on 
requirement of Occupational Health and Safety (OHS) stipulated in 
international guidelines such as EHS Guidelines by IFC. 

Heat prevention 
Noise prevention  
Proper method to enter confined space 
Electrical hazards management 
Fire and explosion hazards management 
Chemical hazards management 
Dust prevention 

- Measures of infectious disease will be implemented as follows; 
Plan for prevention of infectious disease from spreading 
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Category Item Mitigation and Consideration Measures 
- Training to workers  

Community 
health and 
safety including 
accidents and 
infection disease 

- Consideration of community health and safety will be implemented 
based on requirement of international guidelines such as EHS Guidelines 
by IFC. 
- Not compromise availability of water for personal hygiene, agriculture, 
and other community needs 
- Ensuring traffic safety to community on transportation of fuel and other 
materials  
-Measures of infectious disease will be implemented as follows; 

Plan for prevention of infectious disease from spreading 
Training to workers  
Communication with local resident including lecture 

Emergency 
Risk 

Flood risks - Proper elevation level will be set to avoid flood risks such as heavy rain, 
typhoon, high tide water, and tsunami. 

Risks for fire - Fire protection facilities such as fire hydrants will be installed. 
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6. ENVIRONMENTAL MONITORING PLAN (EMOP) 

6.1 EMOP before Construction Phase and during Construction Phase 

Environmental monitoring plan including monitoring items, location, frequency and 

responsible organization at before-construction phase and construction phase are shown 

in Table 6.1 and Table 6.2. The contractor is in charge of implementation of monitoring 

and report preparation based on monitoring results. The contractor shall also submit 

monitoring report to the Project Proponent once a month. The cost for implementation of 

environmental monitoring shall be expensed by the contractor  

Table 6.1  Monitoring Plan (Before Construction Phase) 

Category Item Location Frequency Responsible 
Organizations 

Common - Monitoring of designing for 
mitigation measures for air 
pollution, water quality, noise, 
land elevation for prevention of 
flood, greening  

- Monitoring of planning for 
mitigation measures in 
construction phase 

Project site Once Contractor 

 

Table 6.2  Monitoring Plan (Construction Phase) 

Category Item Location Frequency Responsible 
Organizations 

Common - Monitoring of mitigation 
measures shown in Table 
4.1-4.5 

- Once/month Contractor 

Ambient Air 
Quality 

- Monitoring of status of spraying 
water to prevent dust in dry 
season by visual inspection 

Construction site 
and its surrounding 
area 

Everyday Contractor 

Emission Gas - NOx Construction site 
(each emission 
point) 

1 week ( test 
operation) 

Contractor 

Water Quality - Maintenance record of septic 
tank 

- BOD, COD, Oil and grease, pH 
Value, Total coliform bacteria, 
Total SS (in case of discharging 
wastewater) 

- Record of collection of 
wastewater (in case keeping 
wastewater in the tank) 

Wastewater 
treatment facility/ 
outlet of septic tank 
(1 point) 

Once/2 month Contractor 

- As, Cd, Total Cr, Cu, Fe, Pb, 
Hg, Oil & Grease, pH, 
Temperature Increase, Total 
residual chlorine, Total SS, Zn 
(in case of using 
demineralization at test 
operation case) 

Outlet of 
wastewater 
discharge from 
demineralization 
plant (1 point) 

4 times/day (test 
operation) 

Contractor 

Waste - Amount of solid waste Construction site Once/month Contractor 
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Category Item Location Frequency Responsible 
Organizations 

- Recording of management of 
construction waste 

- Recoding of hazardous and 
chemical substance 
management 

Noise and 
Vibration 

- Noise level Record of advance 
notice to residence 
for implementation 
of construction 
work at night time  

Monthly Contractor 

1m from the 
thermal plant (each 
unit) 

5 times/day (test 
operation) 

Contractor 

Nearest residence 
around project site 
(1 point) 

24 hrs (test 
operation) 

Contractor 

Occupational 
health and safety 

- Status of condition of 
occupational safety and health 

Construction site Once/month Contractor 

Community health 
and safety 

- Status of condition of 
community safety and health 

Construction site 
and surrounding 
area 

As occasion arises Contractor 

 

6.2 EMOP during Operation Phase 

Environmental monitoring plan including monitoring items, location, frequency and 

responsible organization during operation phase are shown in Table 6.3. The Project 

Proponent is in charge of implementation of monitoring and report preparation based on 

monitoring results. The Project Proponent shall also submit monitoring report to Ministry of 

Natural Resources and Environmental Conservation (MONREC) and Thilawa SEZ 

Management Committee (TSMC) every six month. The cost for implementation of 

environmental monitoring shall be expensed by the Project Proponent 

Table 6.3  Monitoring Plan (Operation Phase) 

Category Item Location Frequency Responsible 
Organizations 

Common - Monitoring of mitigation 
measures shown in Table 5.1 

- Once/month Project 
Proponent 

Emission Gas - NOx Project site 
(each emission 
point) 

2 times /year Project 
Proponent 

Water Quality - Maintenance record of septic 
tank 

Wastewater 
treatment facility 

Monthly Project 
Proponent 

- BOD, COD, Oil and grease, pH 
Value, Total coliform bacteria, 
Total SS 

outlet of septic tank 
(1 point) 

2 times /year Project 
Proponent 

- As, Cd, Total Cr, Cu, Fe, Pb, 
Hg, Oil & Grease, pH, 
Temperature Increase, Total 
residual chlorine, Total SS, Zn 
(in case of using 
demineralization) 

Outlet of 
wastewater 
discharge from 
demineralization 
plant (1 point) 

2 times /year Project 
Proponent 
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Category Item Location Frequency Responsible 
Organizations 

Waste - Amount of solid waste 
- Recording of management of 

construction waste 
- Recoding of hazardous and 

chemical substance 
management 

Project site Once/month Project 
Proponent 

Noise and 
Vibration 

- Noise level 1m from the 
thermal plant (each 
unit) 

5 times/day in 
every six month 

Project 
Proponent 

Nearest residence 
around project site 
(1 point) 

24 hrs in every six 
month 

Project 
Proponent 

Occupational 
health and safety 

- Status of condition of 
occupational safety and health 

Project site Once/month Project 
Proponent 

Community health 
and safety 

- Status of condition of 
community safety and health 

Project site and 
surrounding area 

As occasion arises Project 
Proponent 

Accident - Record of accident Project site As occasion arises Project 
Proponent 

Flood risk - Record of flood and its response Project site As occasion arises Project 
Proponent 

Risk for fire - Record of fire and its response Project site As occasion arises Project 
Proponent 
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Documents of Stakeholder Meeting 



The Republic of the Union of Myanmar 
Ministry of Electricity and Energy 

Electric Power Generation Enterprise 
Department of Thermal Power Plant 

 

        Letter No. 944 / ThaLaWa GT / 2017 

         Date. 2017/ November / 6 

To 

---------------------------------------- 

---------------------------------------- 

 

Subject : Invitation of Stakeholder Meeting for the feasibility study of proposal for improvement of 
Thilawa Power Plant (50 MW)  

Reference: Chief Engineer, Department of Thermal Power Plant, Letter No. 3523/PaSaAh 
(Thilawa)/2017, 24.10.2017 

With regard to the above-mentioned subject, Nippon Koei Co., Ltd as a consultant 
organization is performing the feasible study for repowering of Thilawa Power Plant (50 MW) in 
Thilawa Area which is one of the Infrastructure Development Projects in Thilawa Area (Zone A) in 
cooperation with Electric Power Generation Enterprise (EPGE) of the Ministry of Electricity and 
Energy.  

Thus, stakeholder meeting will conduct for the project of improvement of power supply 
system at feasibility study stage according to the Ministry of Natural Resources and Environmental 
Conservation and Japan International Cooperation Agency (JICA) guidelines. 

 We would like to invite you with invitation letter to attend the meeting that Nippon Koei Co., 
Ltd will conduct at 15 November 2017, (9:00 AM to 10:30 AM), Housing Department Office, at the 
corner of Thilawa Road and Thanlyin-Kyauktan Road, Thanlyin Township.  

Agenda of Stakeholder Meeting 

No. Subject Date of PCM Place 

1.  Feasible Study for improvement 
of electricity supply in Thilawa 
Area 

15th November, 2017 
(Wednesday) 

(9:00AM to 10:30 AM) 

Housing Department Office, 
at the corner of Thilawa 
Road and Thanlyin-
Kyauktan Road, Thanlyin 
Township 

 

 



        Sincerely, 

 

 

 

 

Power Station Manager 

           (Kyaw Tun Aung, Chief Engineer) 

          (Thilawa Gas Turbine) 

Cc: Director General, Electric Power Generation Enterprise, Naypyitaw 
 Chief Engineer, Thermal Power Department, Electric Power Generation Enterprise, 
Naypyitaw 
 
Distribution (List of Invitees)  

General Administration Department Office, Yangon Southren District 
General Administration Department Office, Thanlyin Township 
General Administration Department Office, Kyauktan Township 
Yangon Electricity Supply Corporation (YESC), Yangon Southren District 
Yangon Electricity Supply Corporation (YESC), Thanlyin Township 
Yangon Electricity Supply Corporation (YESC), Kyauktan Township 
Environmental Conservation Department, Yangon 
Department of Agriculture Land Management and Statistics, Ministry of Agricultural, Livestock 
and irrigation, Thanlyin Township 
Department of Agriculture Land Management and Statistics, Ministry of Agricultural, Livestock 
and irrigation, Kyauktan Township 
Thanlyin Township Development Committee 
Kyauktan Township Development Committee 
Road Department, Ministry of Construction (MOC), Yangon Southern District 
Road Department, Ministry of Construction (MOC), Thanlyin Township 
Road Department, Ministry of Construction (MOC), Kyauktan Township 
Shwe Pyi Thar Yar Ward Office, Kyauktan Township 
Aye Mya Thida Ward Office, Kyauktan Township 
Thidar Myaing Ward Office, Kyauktan Township 
Shwe Pyauk Village Tract Office, Kyauktan Township 
Ah Lun Soke Village Tract Office, Thanlyin Township 
Ah Nouk Pine Ward Office, Kyauktan Township 
San Chane Mi Ward Office, Kyauktan Township 
Ah Lal pine Ward Office, Kyauktan Township 
Sin Kan Ward Office, Kyauktan Township 
Ah Shae Pine Ward Office, Kyauktan Township 
Thilawa SEZ Management Committee 
Myanmar Japan Thilawa Development Co., Ltd 









Outline of the Repowering Project
of 

Thilawa Power Station

November 2017
Japan International Cooperation Agency 
Nippon Koei Co., Ltd.
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5. Recommendation of  TG Connection Method

6. Environmental and Social Consideration

1

• Insufficient Power Supply: Caused by Increasing Demand
• Major Power Source: Large Hydro in Northern Part of Myanmar
• Major Consumer: Southern Part of Myanmar (e.g. Yangon)

• Power Flow: North to South

• Stable power generation in 
South (by thermal) is needed.

• Priority of Generation
1. Hydropower Plants
2. Thermal with Good Efficiency 

(e.g. Combined Cycle)
3. Aged Thermal Plants

2

Power
Flow

• Insufficient Power Supply Caused by Increasing Demand

1-1. Current Issue on Power System in Myanmar 
~ Total power System in Myanmar~

3
Relevant Organizations : Ministry of Electricity and Energy, 

Thilawa SEZ Management Committee

1-2. Current Issue on Power System in Myanmar 
~ Location of the existing Thilawa Power Station~
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4

• In Thilawa SEZ, two units of GTG plant with rated capacity of 25 MW each has 
been installed for power supply to Thilawa SEZ  and Yangon through JICA Loan.

• In the future, demand forecast will excess the capacity and enhancement of power 
supply to the SEZ will be required for stable operation in the area.

• Considering the low load at the SEZ during nights, generated power will be 
supplied to the national grid towards Yangon. 

Thilawa Power Plant :

25 MW x 2 Units = 50 MW

Thil Pl tP

1-3. Current Issue on Power System in Myanmar 
~ Power Supply in Thilawa Area~

5

1-4. Current Issue on Power System in Myanmar 
~ Vicinity power System in Thilawa Power Station~

• Study Focus : 

(i) Stability of National Grid with Existing 50 MW

(ii) Enhanced Capacity to GTGs

(iii) Enhancement of Capacity with additional facility

(iv) Addition of New Feeders

• Development plan for new power source, which is not included in the latest 
Master Plan, can also play an important role to alleviate the gap between demand 
and supply. 

• For next ten years, the gas production looking at indigenous in Myanmar seems to 
drop. Turning to awareness of environment in the public of Myanmar.

• It is preferable to enhance generation capacity with add-on combined cycle 
system to the existing GTG plant rather than installation of new power plant. 

• So, enhancement of the existing Thilawa GTG power plant is being considered 
through adaptation of combined cycle system. 

• The alternatives for upgrading of power supply system in Thilawa Area are 
proposed from the aspects of electrical and thermal techniques with economic 
and financial, and environmental considerations. The best available plan is 
selected.

6

2-1. Outline of the Repowering Project   
~Main Consideration for Selection Options~

2-2. Outline of the Repowering Project   
~Input and Output for Power Station~

Cooling Water

(1) Rugunbin              OK
(2) Zamani-Inn           NG
(3) Yangon River         ?

Gas
OK

Power Network

OK

Thilawa Power Station

GT

GT
ST

HRSG

HRSG

ACC

GT STHRSG

ACC

Operator’s 
Accommodation

ACC  :  OK
WCC :  NG

Existing + Add-on

From Ywama 

75 MW

32.2 MW

Supplied by EPGE

7
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2-3. Outline of the Repowering Project   
~ Layout of Thilawa Power Station with New Units ~

Schedule for Thilawa Add-on

Schedule for Relocation from Ywama
The schedule will be shorter than the one of Add-on component because 
of shorter manufacturing duration. (Construction period will be reduced 
from 30 months to 19 months.)

9

(30-months)

(19-months)

2-4. Outline of the Repowering Project   
~ Project Implementation Schedule ~

Thaketa

Thanlyin

Thilawa

1. 230kV Thilawa – Thanlyin, Thilawa – Kamarnat is under-construction.

2. Thilawa P/S will be connected to 230kV national power grid.

3-1. Transmission Lines and Substations
~ 230kV Transmission Line from Thilawa P/S  ~

100MVAx3Thanlyin S/S

Thilawa S/S
410MVA

410MVA
490MVA

20MVA

20MVA
41MVA/feeder

1. Thilawa Substation is 
under-construction, 
and has transformers 
of 100MVA x 3.

2. Maximum capacity of each 33kV 
feeder is 1,250A, 41MVA.

3. 33kV bus has 2,500A, and will be 
upgraded to 5,000A

4. Transmission line has enough capacity of 410MW (75deg) 11

3-2. Transmission Lines and Substations
~ Capacity of Transmission Lines & Substations  ~



For repowering of Thilawa P/S ,  System analysis was conducted in the vicinity 
power system of Thilawa P/S including Yangon area to verify the system 
problem by PSSE software.

Criteria for the power flow analysis
Sufficient capacity of main components under normal or disturbance situations (N-1 rule)
Sufficient capacity of reactive compensation equipment to ensure voltage limits 
Sufficient capacity of circuit breakers to ensure the remove three-phase short circuit faults12

4-1. Power System Analysis 
~ Criteria for the power flow analysis ~

13

ǈ Evaluation of Power Flow 
Judging from the simulation result,

System is operated in stable within the 
suitable voltage  level and power flow under 
abnormal condition
Additional repowering power is  57.2MW. On 
the other hand, 230kV  T/L has large sending 
capacity of 410~490MW

ǈ Evaluation of Short Circuit Capacity
Judging from the simulation result,

There seems to be no severe problem 
because total short circuit value of 33kV 
bus is under 40kA 
Regarding the 230kV Bus of Each S/S, the 
short circuit capacity seems to be under 40 
kA as well

13

4-2. Power System Analysis 
~ Result of Power System Analysis ~

14

5. Recommendation TG Connection Method

(Single Line Diagram )                                 (Layout)

* The additional TGs should be connected to 230kV Bus through the  Step up transformer respectively
* The existing 33/230kV transformer of 3 units could be utilized to meet increasing demand of Thilaea SEZ
* There are no problem regarding to this configuration of TG connection form the power flow & Short circuit level view point.
* There is no problem from the view point of Layout as well
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@@@ Scoping Report for existing power plant (50MW) has been reviewed and received comments 
from Environmental Conservation Department @@@

@@@ Draft Environmental Impact Assessment Report for existing power plant (50MW) has been 
prepared@@@

@@@Environmental Monitoring Plan has been started for gas emission and noise and vibration 
control@@@

6-1. Environmental and Social Consideration
~ Current Environmental Management ~



16

Environment 
Element

Guideline Value Note

Emission gas NOx:100mg/Nm3 (49ppm) For gas turbine project (not less than
50MW)

Current Target Values : 125 mg/Nm3 
(61ppm) as per WB Guideline

Wastewater As: 0.5mg/L, Cd: 0.1mg/L, Total Cr: 0.5 mg/L, Cu: 0.5mg/L, Fe:
1mg/L, Pb: 0.5mg/L, Hg: 0.005mg/L, Oil & Grease: 10mg/L, pH 6-9,
Temperature Increase: less than 3°C, Total residual chlorine: less
than 0.2mg/l, Total suspended solids: 50 mg/L, Zn: 1mg/L

For thermal plant

Current GTG has no industrial
wastewater discharge.

Noise Residential, institutional, educational
[Weekday] 55dB (7 am to 10 pm), 45dB (10 pm-7 am)
[Weekend] 55dB (10 am to 10 pm), 45dB (10 pm-10 am)
Industrial, commercial
70 dB (all day)

Guideline values are applied to all
sectors but criteria for the land use is
not clear

6-2. Environmental and Social Consideration
~ Current Target Values and NEQG’s Guidelines for Thermal Power Plant~
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@@@ Water Injection System for each Gas Turbine is installed to control the NOx emission by
injecting demineralized water into the combustor through the fuel nozzles to regulate the combustor
flame temperature and lower NOx emission. @@@

@@@ On the other hand, the emission without water injection is monitored by a portable gas 
analyzer (PG-350), Product of HORIBA  @@@

@@@Currently the water injection system has not been operated yet due to the half load operation
of GTGs and lack of water supply (demineralized water) required for the injection system (600
tons/day)@@@

@@@ The CO2 Fire Fighting System Room is also installed by connecting copper tube between 
apparatus and measuring probe @@@

a portable gas analyzer (PG-350) CO2 Fire Fighting System

6-3. Environmental and Social Consideration
~ Current Gas Emission Control Measures~

18

Month/Year GTG1

NOx (ppm)

GTG2

NOx(ppm)

Operation Condition

August/2016 65.2 62.6 Half of Generation 
Capacity (25 MW) 
without water 
injection system

September/2017 69.0 69.0 Full Generation 
Capacity (50 MW) 
without water 
injection system

The emission gas without water injection were just slightly over the target value of NOx
emission (61 ppm, World Bank Standard) described in the draft EIA report. The NEQG’s
value for NOx emission is 49 ppm (100 mg/Nm3) In case of operating of water injection
system, it is expected to meet the target value of NEQG. Because the installation of water
injection system can reduce up to 25 ppm of NOx as per design values of the system.

6-4. Environmental and Social Consideration
~ Current Monitoring Results: Gas Emission~

19

Results of Noise Measurement near Power Plant

* Apply NEQG Guidelines

7 monitoring points
DD_1 @1m from gas turbine - 86.1 dB
DD_2 @2m from gas turbine - 86.0 dB
DD_3 @ 4m from gas turbine - 85.3 dB
DD_4 @ 8m from gas turbine – 82.9 dB
DD_5 @23m from gas turbine – 81.0 dB
DD_6 @50m from gas turbine – 73.5 dB
DD_7 @100m from gas turbine – 71.9 dB

6-5. Environmental and Social Consideration
~ Current Monitoring Results: Noise Level~

Results of Noise Measurement at boundary and nearest resident

85 dB

5 monitoring points
SD_1 - 79.4 dB
SD_2 - 74.8 dB
SD_3 - 73.1 dB
SD_4 - 76.2 dB

Nearest Resident                   – 59 dB (day time) ; 60 dB (night time)

70 dB



The JICA study team recommends that Option 4 is the best option considering 1) Smooth construction 
of the Project, 2) Construction timing of Option 1 and Option 2, 3) No significant difference between 
Option 3 and 4, and 4) Restriction of Gas supply, etc. 20

Option 1 Option 2 Option 3 Option 4

Characteristics
Thilawa Add-on

CC of existing 2GTs
(1ST)

Ywama Relocation
NEDO Unit
(1GT+1ST)

Ywama Relocation
NEDO Unit/CC of

(3GTs+1ST)
Op.1 + Op.2

Composition of
Plant (GT:G:STG)

2:2:1
2:2 (Existing)

1:1:1
3:3:1

2:2:1
1:1:1

Water Consuption
(ton/day)

250 (ACC)
3,340(WCC)

83 (ACC)
1,104 (WCC)

375 (ACC)
5,010 (WCC)

333 (ACC)
4,444 (WCC)

Additional Capacity (MW) 25 32.2 23.2+36.6 25+32.2

Total Capacity (MW)
75

(50+25)
82.2

(50+32.2)
109.8

(50+23.2+36.6)
107.2

(50+25+32.2)
Additional EPC Cost
(Mil. USD)

59.5 41.0 less than Option 4
100.5

(59.5+41.0)
FIRR
EIRR
Environment -

Social -

Construction Period 24 - 30 months 19 months - -

Need to Checi Emission of Ywama NEDO unit
If land extension, need to check Income Restoration as per 

necessity

6-6. Environmental and Social Consideration
~ Alternatives: Four Options for Improvement of Power System~
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6-7. Environmental and Social Consideration
~ Implementation of Option-4 : Water Use~

Selection of Source of Water 

Possible source : Rugunbin Dam

Reasons : Water is required for reduction of Nox emission from Gas Turbines!

& Cooling water is required for Combined Cycle Gas Turbines!
Estimated Water Consumption Amount : 

6300 tons/day (Water Cooling System) (or) 1700 tons/day (Air Cooling System)
Possible cooling method to be used  :Air Cooling System

Groundwater usage by Tube well 
***higher salinity; ground subsidence; decrease in underground water level

Surface Water Usage
(i) Zamini-Inn
*** Limited of water availability
(ii) Yangon River
*** higher salinity; effect on heat exchange system; land requirement for piping network
(iii) Rugunbin Dam
*** large water amount (6300 tons/day) is impossible; but 1700 tons/day is possible

22

6-7. Environmental and Social Consideration
~ Implementation of Option-4~

Combined Cycle System in existing GTGs : Control for gas emission due to water injection system

Relocation of Ywama GTG and ST: Need to check the gas emission status

Current : No wastewater discharge

Operation of water injection and combine cycle: Need to check supplied water quality 

Gas Emission

Wastewater

23

6-7. Environmental and Social Consideration
~ Implementation of Option-4 : Social Consideration on Land Use~



24

1)    Land was compensated in 1998. The figure shows boundary of project site             
(10 Ha) as well as F50 and E2 which are the current cultivation area.
2) If the expansion land is necessary and there are the residences’ cultivating in 

that area, the TSMC will discuss with crop compensation policy as well as based 
on Resettlement Work Plan for Thilawa SEZ Zone A Development in Feb 2015. 

3)    However, as shown the figure, there are no resident and cultivation in the area of 
proposed expansion.

6-7. Environmental and Social Consideration
~ Implementation of Option-4: : Social Consideration on Land Use ~

25

1) Past Stakeholder Meetings

1) PCM* for 50 MW project (Scoping Stage): Mar 2014

2) PCM* for 50 MW project (Draft EIA Stage): Sep 2014

3) Individual meeting on crop compensation between surrounding households (2 
households) and government organizations (TSMC and MOEE): Feb 2015

* PCM: Public Consultation Meeting
• TSMC: Thilawa SEZ Management Committee

For Feasible Study on Improvement of Power Supply in Thilawa Area : 15 November 2017

2) Current Stakeholder Meeting

6-8. Environmental and Social Consideration
~ Stakeholder Meetings~

MONREC-ECD advised to update existing draft EIA report for 50 MW and
to apply the review of updated EIA report for the repowering Project.

Expected Schedule of EIA study for the repowering Project

26

No. Description of Actions
Expected / 

Required Time 
Period

Remark

0 Completion of F/S Report

1
Preparation for updating draft
EIA Report

2 months

2
Arranging public consultation,
disclosure and finalization of
EIA Report

2 months

3
Submission of final EIA
Report* and Appraisal

4.5 months
*MOEE’s cover letter on request of urgent review shall be
required.

4 Approval by NECCCCC* 4 months 
* National Environmental Conservation and Climate
Change Central Committee
* Committee meeting organizes every 4 months

***It may take totally about 12.5 months

6-9. Environmental and Social Consideration
~ EIA Study for the Repowering Project~

Thank
for 

Your attention



Stakeholder Meeting for The Repowering Project of Thilawa Power Station 

          Meeting Record 

1 

 Date and Time 
15th   November 2017 
9:30-11:00 

Venue 
Housing Department Office, at the Corner 
of the Thilawa Road and Thanlyin-
Kyauktan Road, Thanlyin Township 

Meeting organized 
by Nippon Koei Co., Ltd (Japan) 

Agenda : See Attachment-1 for details 

Participants: Total 28 persons (see Attachment-2 for details) 
 
Thilawa SEZ Management Committee (TSMC) : 3,  
General Administration Department (GAD) :3, 
Township Development Committee (TDC) :1,  
Environmental Conservation Department (ECD) :1, 
Yangon Electricity Supply Corporation (YESC) : 4, 
Road Department, Ministry of Construction (MOC): 3, 
Department of Agriculture Land Management and Statistics, Ministry of 
Agricultural, Livestock and irrigation : 1, 
Ministry of Electricity and Energy (MOEE): 2, 
Villages : 3, 
Companies and others: 7 

Presenters: Team Leader of JICA Study Team 
Environmental Expert of JICA Study Team 

Opening Remark: 
 
Joint Secretary, TSMC gave an opening speech as follows. 

(i) Thilawa Special Economic Zone was started to operate in 1st December, 2013 

and up to now, total 86 companies from 17 different countries come to invest 

in Thilawa with the amount of 1.17 billion during the last four years. 

(ii) It can be said that Thilawa Special Economic Zone becomes the most 

successful SEZ in Myanmar and it could also be recognized within ASEAN 

countries.  

(iii) For the development issues, infrastructure development is very important 

especially in electricity, water supply, road, internet fibers and etc. Among 

them, getting full capacity of electricity takes the leading role. 

(iv) For the starting of Thilawa SEZ, the required electricity was delivered via 33 

kV lines from Thanlyin Sub-station and then 50 MW power plant has been 

constructed.  

(v) Now the power plant can produce 25 MW and Ministry of Electricity and 

Energy is trying to operate fully with 50 MW. Moreover, it is finding the 



Stakeholder Meeting for The Repowering Project of Thilawa Power Station 

          Meeting Record 

2 

possibilities to upgrade up to double of the current capacity (around 107 MW) 

in cooperation with JICA.  

(vi) In implementing the required processes, environment impacts are considered 

not to be affected and to be less as much as possible. 

(vii) At the present, 38 out of 86 factories are in operation stage and using the half 

amount of available electricity (25 MW). There are many potentials to expand 

the TSEZ zone more and more.  

(viii) Getting electricity is more important than before as the vehicle manufacturing 

company, Suzuki Company is also invested in Thilawa SEZ. 

(ix) Getting water from Zamani dam is sufficient for the present but required water 

will be available from La Gun Byin Dam in the near future. 

(x) Ministry of Construction is also implementing to construct the road starting 

from Thanlyin Bridge to Thilawa with ODA Loan and Yangon Regional 

Government is trying to get the bus lines accessible to Thilawa SEZ Zone.  

(xi) At last, he gave special thanks to the relevant Ministries for making the 

infrastructure development at Thilawa Area in various sectors and concluded 

the opening speech. 

  

Presentation Topics: 
 

➢ Introduction project outline of the repowering project of Thilawa power station and 

Environmental and Social Consideration of the Project were presented by Team 

Leader and Environmental Expert of JICA Study Team. The following topics are 

included. 

 

• Current Issue on Power System in Myanmar 

• Outline of the Repowering Project 

• Transmission Lines and Substations 

• Power System Analysis 

• Recommendation of  TG Connection Method 

• Environmental and Social Consideration 

 

The contents of Stakeholder Meeting presentation were briefly introduced as follows,  
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(i) Power system in Myanmar and two units of GTG plant with rated capacity of 

25 MW each has been installed in TSEZ for power supply to Thilawa SEZ and 

Yangon through JICA Loan. Considering the low load at the SEZ during 

nights, generated power will be supplied to the national grid towards Yangon.  

(ii) The gas production in Myanmar seems to be drop in next ten years. It is 

preferable to enhance generation capacity with add-on combined cycle system 

to the existing GTG plant rather than installation of new power plant. The 

existing Thilawa GTG power plant is being considered through adaptation of 

combined cycle system. 

(iii) The alternatives for upgrading of power supply system in Thilawa Area are 

proposed from the aspects of electrical and thermal techniques with economic 

and financial, and environmental considerations. The best available plan is 

selected. 

(iv) Existing two units of GTG plant with 25 MW enhanced through installation 

HRSG (heat recovery steam generator) and ST (steam turbine) which 

generated power 75 MW and relocation of GTG unit from Ywama power 

station which generated power 32.2 MW.  

(v) As for social considerations, land acquisition and crop compensations may be 

not necessary because land for the expansion could be secured within the area 

of existing property of Thilawa power plant.   

(vi) Project implementation period will be 30 months and 230 kV Thilawa-

Thanlyin, Thilawa-Kamarnat is under-construction and it will be connected 

with Thilawa power station. The existing 33/230kV transformer of 3 units 

could be utilized to meet increasing demand of Thilawa SEZ. 

(vii) Scoping Report for existing power plant (50 MW) has been reviewed by 

Environmental Conservation Department and comments were received. Draft 

EIA report has been prepared and Environmental Monitoring Plans including 

gas emissions, noise and vibration control works are implementing at the 

present. 

(viii) When the factory was started to operate, EIA procedures and guidelines were 

not published. Hence, NEQG guidelines values are not included and 

referenced in the scoping report and draft EIA report of the factory. Only 

guidelines from world bank has been taken as reference for the emission 
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values especially for NOx Emission Values. Currently, there is no wastewater 

extracted from the factory.  

(ix) At the present, NEQG guideline has been released and the factory will follow 

NEQG Guidelines in the future. 

(x) Water injecting system is installed at the factory to reduce emissions but due 

to the facts that the factory is operating with half capacity and water required 

for water injection system could not be available at this time, that system is 

not operating at the present. However, portable gas analyzers have been using 

to monitor the emissions from the factory. CO2 Fire Fighting System was also 

installed to prevent the causes of fire accidents. 

(xi) Measured emissions results of NOx in 2016 and 2017 are a little bit more than 

the World Bank’s Guideline Values as the water injection system could not be 

used at the moment. When water injection system can operate, it can reduce 

up to 25 ppm of NOx as per design of water injection system and it will meet 

the NEQG Guideline Values requirements (49 ppm). 

(xii) Noise levels were also measured at 7 monitoring points within 100 m from gas 

turbines in 2017 and it is found that the noise levels nearer the gas turbine are 

a little bit higher than the IFC guideline values for occupation health and 

safety. This should be considered for occupational health and safety issues. 

Noise levels at four corners of the factory and at the nearest residence are also 

measured. For the residences, the noise levels at day and night meet the NEQG 

Guideline values for industrial zone area. Mitigation measures for noise levels 

need to be considered deeply while preparing the update of EIA report. 

(xiii) Before implementing the project, four alternative options have been 

considered and the best available option was selected.  

(xiv) From the view of environmental and social considerations, there are some 

issues for it and the first priority is water usage. In the power station, water is 

required for two reasons; to reduce NOx emissions from Gas Turbines and 

cooling water for Combined Cycle Gas Turbines. The amount of water is 

estimated to be 6300 tons per day when using water cooling system and 1700 

tons per day for air cooling system. Therefore, air cooling system is suggested 

from the environmental point of view. 

(xv) Ground water from tube wells are strictly prohibited due to the possibility of 

cause of ground subsidence, decrease in groundwater level and salinity 
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property of ground water. Surface water will be able to get from La Gun Byin 

Dam for the amount of 1,700 tons per day.  

(xvi) For Combined Cycle System, water injection system will be able to control 

fully when operating it. Gas Emission Status for the relocation of gas turbines 

from Ywama need to be checked and mitigation measures need to be 

considered at EIA report preparation stage. There is no wastewater disposal 

from the factory at this moment but supply water for water injection and 

combine cycle need to be checked accordingly when the operation is started. 

(xvii) The expansion of the project will be in the compound of existing factory and 

there will not be any impacts for land use as the factory land had been occupied 

and gave compensations in 1988. 

(xviii) As the requirements for EIA, consultation meetings are needed to be arranged 

and it had been conducted in March, 2014, September, 2014, February, 2015 

and this time.  

(xix) Draft EIA report had been prepared for this project when it started 

construction. For the expansion of the project at the present, MONREC-ECD 

advised to update the existing draft EIA report. 

(xx) Time required for EIA report preparation would take about 12 and half 

months. 

 

Questions and Answers : 
 

❖ Deputy General Manager, Yangon Electricity Supply Corporation (YESC), Yangon 
Southern District 

 

Question-1 Is there any possible effect on electricity supply and generation in using Air cooling 
system instead of Water cooling system in dry season?  
 
Answer-1   It may slightly effect on the power generation capacity. More detail study about Air 

cooling type of combined cycle system will be carried out to evaluate the effect of using air 

cooling type on the power generation during dry season (Team Leader of JICA Study Team) 

 

❖ Joint Secretary-1, Thilawa SEZ Management Committee (TSMC) 
 

Suggestion-1 Water supply from La Gun Byin Dam will be available in the end of 2018 and 

operation cost will be higher than usual; i.e. 1 gallon = 4 kyats. Therefore, it is suggested to 

consider on the operation cost of water supply as it is more expensive than Zarmani Dam.  As 
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compensation phase is completed in 1998, it was suggested to put more concentration on the 

Technical and Environmental Issues rather than land issue. Also suggested that currently the 

environmental measures are conducted during operation stage and it is expected that after 

expansion of the factory, it would be under compliance with the guidelines and standard values. 

 

Answer-1    JICA study team considered about water usage and cost for maintenances in the 

financial and economic study for repowering of Thilawa Power Plant Project. It will be more cost 

effective to use water than construction of new gas turbine. (Team Leader of JICA Study Team) 

 

❖ Assistant Director, OSSC 
 

Suggestion-2 This facts and data including in this presentation is too general. It would be better 

to provide with more detail assessment for environmental impacts. In order to able to consider of 

Environmental Issues of the project, the copy of EIA is requested to be sent to OSSC. 

  

Answer-2 As it is the feasibility stage of the project, the detail assessment information is not 

included. We will provide with detail study and information of the project in EIA study stage. The 

copy of EIA report will be sent to OSSC when the Draft report is summited to Naypyitaw ECD. 

(Environmental Expert of JICA Study Team) 

Photos of Stakeholder Meeting : See Attachment-3 for details 
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Attachment-1 

Meeting Agenda 

 

Time Contents Organization in Charge 

09:00-09:30 Registration - 

09:30-09:45 Opening Remark 
Joint Secretary, Thilawa SEZ 

Management Committee 

09:45-10:15 Outline of the Project Team Leader of JICA Study Team 

10:15-10:50 
Environmental and Social Consideration of 

the Project  

Environmental Expert of JICA Study 

Team 

10:50-11:00 Questions and Answers Participants 
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Attachment-2 

Registration Record 

 

No. Position  Department 
1. Deputy Staff Officer General Administration Department (GAD), Thanlyin 

Township 
2. Branch Clerk General Administration Department (GAD), Kyauktan 

Township 
3. Deputy General Manager Yangon Electricity Supply Corporation (YESC), Yangon 

Southern District  
4. Manager Yangon Electricity Supply Corporation (YESC), Thanlyin 

Township 
5. Assistant Engineer Yangon Electricity Supply Corporation (YESC), Kyauktan 

Township 
6. Assistant Director Environmental Conservation Department (ECD), Yangon 
7. Deputy Staff Officer Thanlyin Township Development Committee 
8. Assistant Director Road Department, Ministry of Construction (MOC), 

Yangon Southern District 
9. Engineer Road Department, Ministry of Construction (MOC), 

Thanlyin Township 
10. Deputy Staff Officer Department of Agriculture Land Management and 

Statistics, Ministry of Agricultural, Livestock and 
irrigation, Kyauktan Township 

11. Staff Officer Ministry of Construction (MOC), Thanlyin Township 
12. Ward Administrator Shwe Pyi Thar Yar Ward, Kyauktan Township 
13. Ward Administrator Aye Mya Thidar Ward, Kyauktan Township 
14. Representative Thidar Myaing Ward, Kyauktan Township 
15. Assistant Director Environmental Conservation Department, (ECD),  

One Stop Service Committee (OSSC),  
Thilawa SEZ Management Committee (TSMC) 

16. Assistant Manager  Myanmar Japan Thilawa Development Co., Ltd. 
17. Chemical Engineer Myanmar Japan Thilawa Development Co., Ltd. 
18. Joint Secretary-1 Thilawa SEZ Management Committee (TSMC) 
19. Public Affairs Coordinators Thilawa SEZ Management Committee (TSMC) 
20. Junior Clerk General Administration Department (GAD) 
21. JICA Study Team Nippon Koei Co., Ltd. 
22. Site Electrical Engineer Yangon Electricity Supply Committee (YESC) 
23. JICA Study Team 

(Environment) 
Nippon Koei Co., Ltd. 

24. Factory Engineer Ministry of Electricity and Energy (MOEE) 
25. Chief Engineer Ministry of Electricity and Energy (MOEE) 
26. Junior Environmental Expert Myanmar Koei International 
27. Junior Environmental Expert Myanmar Koei International 
28. Junior Environmental Expert Myanmar Koei International 
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Attachment-3 

 

  
Registration Project Outlines Presentation by JICA Study 

Team 

  
Presentation of Environmental and Social 
Consideration of Project by JICA Study 
Team 

Suggestion and Discussion among 
Participants 

 

End of Document 
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Appendix 4 Methodology of Air Quality Simulation Model 
 

1 Prediction Item 

The items to be predicted are shown below: 

- Impacts on air quality caused by operation of gas turbines 

 

2 Prediction Area 

The area where the impacts are to be predicted is set in and around the proposed Project site. 

 

3 Prediction Period 

The prediction period in the operation stage was set as the duration of operating gas turbines. 

 

4 Prediction Method 

The impacts on air quality were predicted using the following methods: 

- To estimate the pollutant concentration emitted by operation of gas turbines by using a simulation 
model, and to assess its impacts in and around the proposed Project site.  

The methodology of the impact prediction in the operation stage is described below: 

 

(1)  Prediction conditions 

1) Cases of Prediction and its Conditions of Emission Gas 

The following three cases for the numerical simulation are set to assess cumulative impact of NOx 
emissions in the upgrading capacity of power supply. The conditions of each case are summarized in 
Table 1. 

Case 0:  Existing Condition (50 MW gas turbine without water injection system of existing Thilawa 
Power) 

Case 1:  Future Condition 1 (107 MW combined cycles without water injection system of existing 
Thilawa Power and Ywama gas turbine) 

Case 2:  Future Condition 2 (107 MW combined cycles with water injection system of existing 
Thilawa Power and combined cycle without water injection system of Ywama gas turbine) 
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Table 1: Conditions of Air Quality Simulation Model 

Item Unit Case 0 Case 2 Case 3 Note 
Capacity of electric supply MW 50 107 107  

Water injection system to the 
existing power plant in 
Thilawa 

- Not 
applicable 

Not 
Applicable Applicable 

The additional gas turbine 
from the existing Ywama 
power plant does not have 
water injection system. 

Volume of exhaust gas (dry 
bases) Nm3/h 252,333 

252,333 
(Thilawa) 
246,323 
(Ywama) 

251,752 
(Thilawa) 
246,323 
(Ywama) 

Based on manufacture’s 
Catalog 

Temperature of exhaust gas ºC 559 

103 
(Thilawa) 

559 
(Ywama) 

103 
(Thilawa) 

559 
(Ywama) 

Based on manufacture’s 
Catalog 

Wind Speed at 10m m/s 3.1 3.1 3.1 Based on existing 
information 

Height of the chimney 
(G.L.+) m 20 20 20 Average based on existing 

information 

NOx Emission concentration ppm 260 

260 
(Thilawa) 

260 
(Ywama) 

61 
(Thilawa) 

260 
(Ywama) 

Based on manufacture’s 
Catalog (actual NOx 
emission concentrations are 
less than catalog’s vales) 

Source: JICA Study Team  

 

2)  Meteorological conditions 

Meteorological conditions are basic information for the prediction of air quality. In this study, 
meteorological conditions are set based on the results of the field survey data in each season. 

Wind direction and wind speed 

Construction works will be conducted only during the dry season. That is the reason why wind 
conditions in the construction stage from the field survey data was set in the dry season. On the other 
hand, the gas turbines will be operated 24 hours a day, seven days a week. The wind conditions for 
prediction in the operation stage from all time data was set in the dry and rainy seasons. Figure 1 and 
Figure 2 show the wind direction and wind speed for each prediction stage. 

 
Wind direction in the construction stage 

(dry season)  

 
Wind direction in the operation stage 

(dry season + rainy season) 
Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

Figure 1: Wind Direction 
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Wind speed (m/s) in the construction stage 

(dry season) 

 
Wind speed (m/s) in the operation stage 

(dry season + rainy season) 
Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

Figure 2: Average Wind Speed 

Atmospheric stability 

Atmospheric stability is an indicator used to describe the convective properties of an air mass. Table 2 
and Table 3 show the classification of atmospheric stability.  

Table 2: Atmospheric Stability and Corresponding Stability Condition 
Atmospheric Stability Stability Condition 

A Extremely unstable 
B Unstable 
C Slightly unstable 
D Neutral 
E Slightly stable 
F Stable 
G Extremely stable 

Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

 

Table 3: Classification of Atmospheric Stability 

Wind Speed 
u (m/s) 

Solar Radiation 
T (kW/m2) 

Radiation Balance 
Q (kW/m2) 

T≧0.60 0.60>T 
≧0.30 

0.30>T 
≧0.15 0.15>T Q≧-0.020 -0.020>Q

≧-0.040 -0.040≧Q 

u＜2 A A-B B D D G G 
2≦u＜3 A-B B C D D E F 
3≦u＜4 B B-C C D D D E 
4≦u＜6 C C-D D D D D D 

6≦u C D D D D D D 
Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

 

In this study, atmospheric stability was classified by each prediction condition same as what was done 
for wind conditions. Atmospheric stability for each prediction stage is shown in Figure 3. 
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Atmospheric stability in the construction stage (daytime, dry season) 

 
Atmospheric stability in the operation stage (all time, dry season + rainy season) 

Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

Figure 3: Appearance of Atmospheric Stability Condition for Each Prediction Stage 

 

3) Background concentrations 

Background concentration is used to forecast future concentration of air quality. In this simulation study, 
the additional concentration from this Project was calculated. To forecast future ambient air quality, it 
is necessary to add ordinal background concentration to analytic solution. Background concentration 
was set from the results of the field survey. Background concentrations were set from the rainy season 
survey because the survey result in the dry season may have been affected from the power generator 
exhaust gas caused by electricity supply to the Environmental Perimeter Air Station (EPAS). 
Background concentrations are shown in Table 4. 

Table 4: Background Concentration 

Item Unit Background 
Concentration 

NO2 ppm 0.035 
Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 
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(2) Prediction model 

The prediction model applied in this study is the Gaussian Plume Model, which is an analysis solution 
of diffusion equation and it is commonly used for air pollution forecasting.  

The formula for concentration of air pollutant is based on the Gaussian Plume Equation and Puff Model 
as follows: 

 

1) Gaussian Plume Model (In the case of wind velocity more than 1 m/s) 
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Where 

C (x, y, z) : Predicted concentration at coordinates of (x, y, z)  
Q : Discharge per unit time (ml/s or mg/s) 
U : Wind velocity (m/s) 
H : Height of discharge (m) 
σy, σz :Diffusion coefficient of horizontal/vertical width (m) (See Figure 4) 
x : Coordinate of downwind axis (m) 
y : Coordinate of horizontal axis(m) 
z : Coordinate of vertical axis (m) 

Horizontal Width (σy)          Vertical Width (σz) 
Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

Figure 4: Diffusion Coefficient of Width 

 

2) Weak Wind Puff Model (In the case of wind velocity more than 0.5 m/s and less than 0.9 m/s) 
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Where 

C(x, y, z, T) : Predicted concentration at coordinates of (x, y, z) T: time 

Leeward distance: x (m)                           Leeward distance: x (m) 
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Q : Emission per unit time (ml/s or mg/s)) 
σy(t) : Diffusion coefficient of horizontal width at t-time later from discharge 
   (σx(t)＝σy(t)＝α • t) 
σz(t) : Diffusion coefficient of vertical width at t-time later from discharge 
   (σz(t)＝γ • t) 
H : Height of discharge (m) 
t0 : Time of reach to initial diffusion width from discharge 
u : Wind velocity (m/s) 
α, γ : Parameters for diffusion width (See Table 5) 

Table 5: Parameters for Diffusion Width (α, γ) 

Atmospheric 
Stability 

Wind Velocity ≤ 0.4 m/s 0.5 < Wind Velocity < 0.9 m/s 
α γ α γ 

A 0.948 1.569 0.748 1.569 
A-B 0.859 0.862 0.659 0.862 

B 0.781 0.474 0.581 0.474 

B－C 0.702 0.314 0.502 0.314 

C 0.635 0.208 0.435 0.208 

C－D 0.542 0.153 0.342 0.153 

D 0.470 0.113 0.270 0.113 

E 0.439 0.067 0.239 0.067 

F 0.439 0.048 0.239 0.048 
G 0.439 0.029 0.239 0.029 

Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

 

3) Puff Model (In the case of wind velocity under 0.5 m/s) 
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Where 

C (x, y, z, T) : Predicted concentration at coordinates of (x, y, z) T: time 
Q : discharge per unit time (ml/s or mg/s)) 
σy (t) : Diffusion coefficient of horizontal width at t-time later from discharge 
   (σx(t)＝σy(t)＝α･t) 
σz(t) : Diffusion coefficient of vertical width at t-time later from discharge  
   (σz(t)＝γ･t) 
H : Height of discharge (m) 
t0 : Time of reach to initial diffusion width from discharge (s) 

 

4) Polymerized concentration of air pollutant 

The calculation for annual mean concentration of pollutant is conducted by using the following formula: 

[Polymerization Formula] 

C＝Σk Σj Σi C1(Di,Vj,ak)･f1(Di,Vj,ak) 

   +Σk Σj Σi C2(Di,Vj,ak)･f2(Di,Vj,ak)+ Σ kC3(ak)･f3(ak) 

Where 
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C : Polymerized concentration 
C1(Di,Vj,ak) : One hour concentration in the case of wind velocity more than 1 m/s 
f1 (Di,Vj,ak) : Incidence of wind blowing (more than 1 m/s) 
C2 (Di,Vj,ak) : One hour concentration in the case of weak wind blowing 
f2 (Di,Vj,ak) : Incidence of wind blowing (more than 0.5 m/s and less than 0.9 m/s) 
C3 (ak)  : One hour concentration in the case of wind velocity under 0.5 m/s 
f3 (ak)  : Incidence of wind blowing (under 0.5 m/s) 

 

(3) Estimation of wind velocity at the discharging height 

Wind velocity for prediction is estimated from the low height wind data of the site survey. The following 
formula is used for estimation of wind velocity. 

U=U0 x (Z/Z0)α 

Where 

U : Estimated wind velocity at the height of Z (m) 
U0 : Surveyed wind velocity at the height of Z0 (near ground level) 
α : Power index 
Generally, the power index “α” is a variable corresponding to atmospheric stability as shown in Table 6. 

Table 6: Power Index for Estimation 

Atmospheric Stability A B C D E F, G 
α 0.1 0.15 0.20 0.25 0.25 0.30 

Source: EIA Study for Project on Construction of Solid Waste Management Facilities in Thilawa SEZ Zone A 

 

(4) Calculation of effective stack height 

Under a windy condition, CONCAWE Stack Height Formulation is used for calculation of the effective 
rising height. Briggs Formulation is used under the weak wind condition and calm condition. 

 

1) CONCAWE Stack Height Formulation (In the case of wind velocity more than 1 m/s) 

He=H0+ΔH 

ΔH=0.175×QH1/2×u-3/4 

Where  

He : Effective stack height 
H0 : Height of chimney 
ΔH : Rising height of exhaust gas 
QH : Calorific value of exhaust gas 
u : Wind velocity 
2) Briggs Formula (In the case of wind velocity under 1 m/s) 

He=H0+ΔH 

ΔH=1.4×QH1/4×(dθ/dz)u-3/8 

Where  

dθ/dz : Gradient of atmospheric temperature 
  day 0.003 ºC/m, night 0.01 ºC/m 
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(5) Prediction flow 

The prediction flow is shown in Figure 5. 

 
Source: JICA Study Team 

Figure 5: Prediction Procedure Flow 

 

4) Results of Cumulative Impact Assessment 

As the result of air quality simulation shown in Table 7 and Figure 6 to 8, maximum NO2 concentrations 
at ground are is 0.03567 ppm at Case 0 (50 MW without water injection system), 0.03788 ppm at Case 
1 (107 MW without water injection system), and 0.03788 ppm at Case 2 (107 MW with water injection 
system). Maximum ambient air quality at ground in all cases will comply with target ambient air quality 
level (0.06 ppm set as the target level in the existing draft EIA report same as Japanese standard) and 
contribution rate is small percentage. Thus, it was confirmed that cumulative impact on air pollution 
from the gas turbines will be limited. 

Table7: Result of the Air Quality Simulation Model 

Case 

Contribution of 
Emission Gas 

(NO2) by 
Simulation 

Model 

Background 
Concentration 
(NO2) in 2013 

Maximum 
ambient air 
quality at 

ground (NO2) 

Target Ambient Air 
Quality Level (NO2) 

Contribution 
Rate 

Case 0 (50 MW 
without water 
injection) 

0.00067 ppm 0.035 ppm 0.03567 ppm 0.06 ppm (Same as 
Japanese Ambient 
Air Quality Level) 

1.9% 

Case 1 (107 
MW without 
water injection) 

0.00288 ppm 0.03788 ppm 7.6% 

Case 2 (107 
MW with water 
injection) 

0.00065 ppm 0.03565 ppm 1.8% 

Source: JICA Study Team  

 

 

 

 

Discharge conditions 

Calculate diffusion equation 
(Gaussian Plume Model) 

Concentration of future air 
quality 

Meteorological conditions 

Emission equipment 

Typify from meteorological 
survey data on the candidate 
site 
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Source: JICA Study Team  

Figure 6: NO2 Concentration at Ground (Case 0: 50 MW without water injection) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JICA Study Team  

Figure 7: NO2 Concentration at Ground  
(Case 1: 107 MW without water injection)  

  

Case-0 

Case-1 



The Study on Proposal for Improvement of Electricity Supply in Thilawa Area in Myanmar 
  Final Report / Appendix 4 

 9 December 2017 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JICA Study Team  

Figure 8: NO2 Concentration at Ground  
(Case 2: 107 MW with water injection) 

 

 

Case-2 
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